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1  | INTRODUC TION
Prehabilitation offers a route to improving patient's physical status 
and buffering treatment‐related deconditioning between the time 
of cancer diagnosis and post‐treatment recovery. Prehabilitation 
includes physical and psychological assessments that establish base‐
line functioning and identify impairments that can impact on cancer 
treatment‐related morbidity, as well as providing targeted interven‐
tions to maximise patient function prior to treatment onset (Silver 
& Baima, 2013). The primary goal of prehabilitation is “to prevent 
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Abstract
Objective: Prehabilitation is increasingly being used to mitigate treatment‐related 
complications	and	enhance	recovery.	An	individual's	state	of	health	at	diagnosis,	in‐
cluding obesity, physical fitness and comorbidities, are influencing factors for the 
occurrence of adverse effects. This review explores whether prehabilitation works in 
improving health outcomes at or beyond the initial 30 days post‐treatment and con‐
siders the utility of prehabilitation before cancer treatment.
Methods: A	database	search	was	conducted	for	articles	published	with	prehabilita‐
tion as a pre‐cancer treatment intervention between 2009 and 2017. Studies with no 
30 days post‐treatment data were excluded. Outcomes post‐prehabilitation were ex‐
tracted for physical function, nutrition and patient‐reported outcomes.
Results: Sixteen randomised controlled trials with a combined 2017 participants and six 
observational	studies	with	289	participants	were	included.	Prehabilitation	interventions	
provided multi‐modality components including exercise, nutrition and psychoeducational 
aspects. Prehabilitation improved gait, cardiopulmonary function, urinary continence, 
lung function and mood 30 days post‐treatment but was not consistent across studies.
Conclusion: When combined with rehabilitation, greater benefits were seen in 30‐
day gait and physical functioning compared to prehabilitation alone. Large‐scale ran‐
domised studies are required to translate what is already known from feasibility 
studies to improve overall health and increase long‐term cancer patient outcomes.
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or reduce the severity of anticipated treatment‐related impairments 
that may cause significant disability (page2)” (Silver & Baima, 2013). 
There are several systematic reviews of prehabilitation for those 
receiving cancer surgery (Boereboom, Doleman, Lund, & Williams, 
2016; Carli et al., 2017; Singh, Netwon, Galvao, Spry, & Baker, 2013), 
and all suggest that prehabilitation enhances early discharge from 
hospital and reduces surgical adverse effects. There is a growing re‐
quirement to include prehabil itation as part of the cancer pathway 
with three recent reports advising the value of prehabilitation, two 
in	the	USA	(National	Academies	of	Sciences,	2018;	Stout	et	al.,	2016)	
and	one	in	the	UK	(Macmillan	Cancer	Support,	2018).	However,	ev‐
idence that prehabilitation translates into better long‐term patient 
outcomes beyond the initial 30 days post‐treatment complications is 
lacking.
Challenges to providing prehabilitation are that cancer patients 
are highly likely to have comorbidities that complicate treatment 
delivery	and	reduce	physical	fitness	(Sarfati,	Koczwara,	&	Jackson,	
2016; Stairmand et al., 2015). Comorbid conditions associated with 
ageing and particularly excess body weight are common in patients 
presenting with cancer (Goodwin & Chlebowski, 2016), and evi‐
dence from epidemiological studies suggests that comorbidities 
and poorer health are correlates of poorer survival (Land, Dalton, 
Jensen,	&	Ewertz	2012a,	2012b).	There	 is	compelling	evidence	for	
the link between obesity and cancer outcomes (Calle, Rodriguez, 
Walker‐Thurmond, & Thun, 2003) with particular associations in 
the	following	tumour	sites;	breast	(Jiralerspong	&	Goodwin,	2016),	
gastrointestinal (Brown & Meyerhardt, 2016), endometrial (Onstad, 
Schmandt, & Lu, 2016), prostate (Vidal et al., 2014) and haematologi‐
cal cancers, including multiple myeloma and leukaemia (Yang, Drake, 
& Colditz, 2016). Obesity is an important risk factor for cardiovas‐
cular, kidney disease, diabetes and some musculoskeletal disorders 
(2016). These obesity‐related comorbidities contribute to the ad‐
verse	effects	of	cancer	 treatment	 (Bradley,	Dahman,	Fau‐Anscher,	
&	Anscher,	2014;	Søgaard,	Thomsen,	Bossen,	Sørensen,	&	Nørgaard,	
2013) and combined with an ageing demographic, where more than 
60% of cancer patients are over 65, comorbidity and poorer physical 
and functional health will impact upon future cancer treatment de‐
livery and outcomes (Greenlee, Shi, Molmenti, Rundle, & Tsai, 2016). 
These coexisting health problems are strong indicators for providing 
prehabilitation to maximise cancer treatment outcomes.
Rehabilitation interventions such as exercise, weight reduction 
and pharmacotherapy are recognised ways of managing comorbid‐
ity‐related	conditions	after	cancer	treatment	(Alamuddin,	Bakizada,	
& Wadden, 2016), and there is evidence that smoking cessation 
(Sitas et al., 2014) reduces adverse treatment effects and improves 
survival. Preparing patients prior to cancer therapy by improving 
their overall health status as in prehabilitation could optimise their 
response to treatment and has important implications for future 
service delivery (Silver & Baima, 2013). Prehabilitation has been es‐
poused as a key component of early recovery in cancer patients and 
is a term that has been traditionally used to describe interventions 
for optimising cardiopulmonary reserve prior to cancer surgery, 
with the aim of improving post‐operative recovery outcomes (Carli 
et al., 2017; Silver, 2015; Silver & Baima, 2013). However, prehabil‐
itation programmes are also targeting this pre‐treatment period to 
improve chemotherapy adherence (Le Roy et al., 2016), reduce anxi‐
ety (Tsimopoulou et al., 2015) and to provide a stronger platform for 
post‐treatment rehabilitation aimed at reversing treatment‐related 
side effects and symptoms, managing comorbidities and enhancing 
longer‐term	health‐related	quality	of	life	(Alfano,	Ganz,	Rowland,	&	
Hahn, 2012; Boereboom, Williams, Leighton, & Lund, 2015; Shun, 
2016; Silver, 2014). While fewer studies have been undertaken 
outside of the surgical context, a growing number of studies are fo‐
cusing on different cancer treatments and modes of prehabilitation 
using exercise, psychological support and nutritional interventions. 
These studies need to look at longer‐term outcomes beyond the 
traditional enhanced recovery 30 days post‐treatment outcomes, 
to understand treatment adherence, mortality, disease prognosis 
or	impact	on	health	economics	(Stout	et	al.,	2018).	This	 is	the	first	
systematic review to critically review the impact of different preha‐
bilitation interventions on long‐term health outcomes (at or beyond 
30 days post‐treatment completion) in cancer patients and explore 
the utility of prehabilitation as a platform for risk management be‐
fore and after all cancer treatments.
This review addressed two questions:
1.	 What	is	the	effect	of	prehabilitation	on	≥30	days	post‐treatment	
outcomes including physical functioning, nutrition and patient‐
reported outcomes?
2. How can prehabilitation be used to optimise the management of 
cancer patients with comorbidity or pre‐existing risk factors that 
are associated with poorer cancer treatment outcomes?
2  | METHODS
2.1 | Data Sources and search method
The review was registered on PROSPERO (CRD42016050296) inter‐
national prospective database of systematic reviews. The search was 
conducted in two stages. In stage one, studies were identified via ab‐
stracts through a systematic search strategy for Medline (Pub med), 
CINAHL	 (with	 full	 text)	EMBASE	and	Cochrane	central	 register	of	
controlled trials. The databases were chosen to identify potentially 
relevant published studies in the field of medicine, exercise, health 
and psychosocial care. Search terms were split into two categories 
“prehabilitation combined with cancer” and terms to identify the na‐
ture of prehabilitation such as “exercise, nutrition, psychology and 
other behavioural interventions,” The full search strategy and MESH 
terms are provided in supplementary materials. In stage two, other 
relevant publications were retrieved by reviewing the reference lists 
of these studies against the eligibility criteria.
Studies selected were published from the period 2000 to 
February 2017. The following were all excluded from the review: 
prehabilitation studies with no reported post‐treatment outcomes at 
30 days or longer; studies that combined data from previously pub‐
lished studies; and abstracts, case studies, conference abstracts and 
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those not in English. Participants included were cancer patients who 
were treated with any treatment modality and received any form of 
prehabilitation either in the home or hospital setting. Prehabilitation 
was defined as a single‐ or multi‐modality intervention that could in‐
clude exercise, nutritional support, patient education and/or psycho‐
logical therapy. Control was defined as those participant's receiving 
usual care as defined in the clinical pathway. Identification of objec‐
tive clinical, patient‐reported and delivery outcomes was described 
at 30 days post‐treatment completion. Comorbidity data at baseline 
and at completion were also reviewed. Efficacy in relation to 30 days 
post‐treatment objective physical functioning was explored through 
meta‐analysis but data were not of sufficient quality to make a 
F I G U R E  1  PRISMA	study	selection	flow	chart
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comparison. The quality of eligible studies was assessed using the 
PRISMA	critical	appraisal	methods	(Shamseer	L	et	al.,	2015).	Risk	of	
bias was assessed by an interdisciplinary research team using the 
Cochrane Collaboration's tool for assessing risk of bias ROBINS‐I 
tool (Sterne et al., 2016). Observational or quasi‐experimental stud‐
ies were included as they provided additional information as to the 
use of prehabilitation interventions.
3  | RESULTS
Sixteen randomised controlled trials (RCT) and six observational 
studies were included in the narrative synthesis (Figure 1). The qual‐
ity of the RCT studies varied considerably with 7 of the 16 studies 
being considered as having a high risk of bias. Studies were not suf‐
ficiently consistent in intervention or outcome data to be included 
in a meta‐analysis. In many studies reporting of the randomisation 
processes, lack of allocation concealment to those enrolling, blinding 
of outcome assessors and poor reporting of missing data may have 
impacted on study quality (Table 1). Most studies were single‐centre 
studies. However, one of two multi‐site studies was a three‐arm trial 
comparing psychological prehabilitation strategies, with participants 
randomised to stress management, a support group or usual care 
(Parker et al., 2009). Other studies compared different prehabilita‐
tion components head to head as nutritional interventions or psy‐
chological approaches. The number of participants within the RCTs 
ranged	from	48	to	652,	with	a	median	of	88	with	a	total	number	of	
subjects in the review of 2017 (Table 1). Most individual RCTs ana‐
lysed fewer than 60% of the sample originally recruited in the study, 
excluding participants due to comorbidity or inability to undergo car‐
diopulmonary exercise testing. Participants were adults with colo‐
rectal (Carli et al., 2010; Cheville et al., 2015; Gillis et al., ; Moriya, 
2015)	 lung	 (Barlési	 et	 al.,	 2008;	 Stefanelli	 et	 al.,	 2013),	 head	 and	
neck (Van Bokhorst‐de Van der Schuer et al., 2000), breast (Garssen 
et	al.,	2013),	bladder	 (Jensen,	Krintel	Petersen,	Jensen,	Lausten,	&	
Borre,	2014;	Jensen,	Petersen,	Jensen,	Laustsen,	&	Borre,	2015)	and	
prostate (Bales et al., 2000; Burgio et al., 2006; Parker et al., 2009) 
cancer or included individuals with a range of cancers (Schmidt et 
al., 2015). Trial designs were primarily feasibility studies, and there‐
fore, the studies were rarely powered to determine the efficacy of 
prehabilitation on post‐treatment recovery outcomes. The primary 
endpoint was predominantly objective physical function prior to 
treatment with the secondary endpoints described at 1–6 months 
post‐intervention. Only four (25%) of the authors fully reported par‐
ticipant	comorbidities	at	baseline	(Burgio	et	al.,	2006;	Jensen	et	al.,	
2015; Schmidt et al., 2015; Van Bokhorst‐de Van der Schuer et al., 
2000) while two actively excluded participants with comorbidities 
possibly due to the intensity of the exercise programme (Carli et al., 
2010; Stefanelli et al., 2013).
The designs of the six observational studies were either case‐
controlled cohort, historical controls or quasi‐experimental. Studies 
were primarily feasibility studies, and participant numbers were 
small,	ranging	from	35	to	87	with	a	total	of	289	participants.	Studies	
included individuals with breast cancer (Baima et al., 2015), lung can‐
cer	(Jones	et	al.,	2007;	Peddle	et	al.,	2009;	Sekine	et	al.,	2005),	col‐
orectal cancer (Li et al., 2013) and prostate cancer (Sueppel, Kreder, 
& See, 2001).
Comorbidities were only reported in three of the studies at base‐
line, with ill health being cited as a contributing factor to difficulties 
with recruitment rather than this being recorded as an outcome. 
Several studies did not report attrition (Sekine et al., 2005; Sueppel 
et al., 2001), and among those that did attrition rates ranged from 
0% to 52%. The number and combination of prehabilitation modal‐
ities varied considerably across studies, ranging from 1 to 3 across 
individual RCTs and observational studies (Tables 2 and 3).
Most (16/22) studies included an exercise modality, either as a 
stand‐alone prehabilitation intervention or in combination. Four 
studies examined the effects of pelvic floor training in men with 
prostate cancer over a varying number of weeks before radical pros‐
tatectomy (Bales et al., 2000; Burgio et al., 2006; Centemero et al., 
2010; Sueppel et al., 2001). These were predominantly home‐based 
exercise programmes with some level of instruction and supervision 
and/or biofeedback training. Two studies incorporated supervised 
therapeutic pulmonary exercises (in conjunction with more conven‐
tional conditioning exercise) in lung cancer patients in the 2–3 weeks 
prior to surgery (Sekine et al., 2005; Stefanelli et al., 2013). These 
exercises were performed on 5–7 days per week and included in‐
centive spirometry, abdominal breathing, huffing and coughing, and 
respiratory exercises on a bench, mattress pad and wall bars. Finally, 
a study in breast cancer patients investigated the feasibility of ther‐
apeutic shoulder mobility exercises in the 2–4 weeks before surgery, 
comparing in‐person teaching with video‐only teaching (Baima et al., 
2015). Both methods were shown to be feasible with high adher‐
ence	(≥75%).	Other	studies	investigated	the	effects	of	conventional	
forms of exercise conditioning for improving cardiopulmonary fit‐
ness	and/or	muscular	strength	over	durations	of	2–8	weeks,	though	
most programmes were of 2‐ to 4‐week duration (Tables 2 and 3). 
All	but	one	of	these	studies	implemented	exercise	prehabilitation	in	
the time period before colorectal, lung or bladder cancer surgery, 
whereas the remaining study (Cheville et al., 2015) focused on ad‐
herence to chemoradiotherapy in patients with gastrointestinal can‐
cers. Home‐based programmes generally consisted of aerobic and 
resistance exercise on at least three days per week with varying de‐
grees of face‐to‐face supervision and telephone support (Carli et al., 
2010;	Gillis	et	al.,	2014;	Jensen	et	al.,	;	Li	et	al.,	2013).	Instructions	
on both the frequency and intensity of aerobic exercise were gener‐
ally provided, and in some cases, participants used heart rate moni‐
tors and perceived exertion scales to self‐assess their level of effort 
(Gillis et al., 2014; Li et al., 2013). Studies of more closely supervised 
2‐ to 6‐week programmes of exercise prehabilitation involved vig‐
orous	 intensity	cycle	ergometry	 in	 lung	(Jones	et	al.,	2007;	Peddle	
et al., 2009) and rectal cancer patients (West et al., 2015) prior to 
surgery and isokinetic muscle strengthening exercises in patients 
with gastrointestinal cancers during chemoradiotherapy (Cheville et 
al., 2015). Two further studies included vigorous gym‐based aero‐
bic exercise (Stefanelli et al., 2013) or walking exercise (5,000 steps/
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he
re
 w
as
 n
o 
ob
je
ct
iv
e 
m
ea
su
re
, j
us
t n
um
be
r 
of
 w
et
 d
ia
pe
rs
 (v
s.
 w
ei
gh
t o
f d
ia
pe
r);
 u
nc
le
ar
 a
bo
ut
 c
ha
ra
ct
er
is
‐
tic
s 
of
 th
os
e 
w
ho
 d
ro
pp
ed
 o
ut
, u
nk
no
w
n 
pe
lv
ic
 fl
oo
r m
us
cl
e 
st
re
ng
th
 p
rio
r t
o 
un
de
rt
ak
in
g 
st
ud
y
Ba
rlé
si
 e
t a
l. 
(2
0
0
8)
Fr
eq
ue
nc
y:
 u
nc
le
ar
In
te
ns
ity
: u
nc
le
ar
Ti
m
in
g:
 p
rio
r t
o 
su
rg
er
y
Ty
pe
: a
dd
iti
on
al
 o
ra
l p
lu
s 
w
rit
te
n 
in
fo
rm
at
io
n 
in
cl
ud
in
g 
as
so
ci
at
ed
 
sy
m
pt
om
s
O
ra
l i
nf
or
m
at
io
n 
on
ly
 
de
sc
rib
in
g 
th
e 
di
se
as
e 
an
d 
its
 a
ss
oc
ia
te
d 
su
rg
er
y 
an
d 
ou
tc
om
es
75
 p
at
ie
nt
s 
w
ith
 N
SC
LC
 
un
de
rg
oi
ng
 th
or
ac
ic
 
su
rg
er
y
C
om
or
bi
di
ty
 n
ot
 re
po
rt
ed
Ba
se
lin
e 
an
d 
3 
m
on
th
s
26
%
Q
oL
 s
co
re
s 
(b
as
el
in
e,
 3
 m
on
th
s)
 w
er
e 
co
m
pa
ra
bl
e 
be
tw
ee
n 
bo
th
 
gr
ou
ps
.
Pa
tie
nt
s 
re
ce
iv
in
g 
or
al
 p
lu
s 
w
rit
te
n 
in
fo
rm
at
io
n 
w
er
e 
si
gn
ifi
ca
nt
ly
 
di
ss
at
is
fie
d 
re
la
te
d 
to
 s
ev
er
al
 a
sp
ec
ts
 o
f c
ar
e 
re
ga
rd
in
g 
st
af
f a
s 
w
el
l a
s 
th
e 
st
ru
ct
ur
e.
Th
e 
in
fo
rm
at
io
n 
gr
ou
p 
si
gn
ifi
ca
nt
ly
 in
flu
en
ce
d 
sa
tis
fa
ct
io
n 
le
ve
ls
 
at
 m
ul
tiv
ar
ia
te
 a
na
ly
si
s 
(s
ta
nd
ar
di
se
d 
be
ta
 c
oe
ff
ic
ie
nt
, 0
.2
6,
 
p 
= 
0.
04
)
Bu
rg
io
 e
t a
l. 
(2
00
6)
Fr
eq
ue
nc
y:
 in
iti
at
ed
 1
 w
ee
k 
pr
io
r t
o 
su
rg
er
y
In
te
ns
ity
 d
ai
ly
 4
5 
pe
lv
ic
 fl
oo
r e
xe
rc
is
es
Ti
m
in
g:
 o
ne
 p
re
‐o
pe
ra
tiv
e 
se
ss
io
n
Ty
pe
: b
io
fe
ed
ba
ck
 p
lu
s 
as
si
st
ed
 
be
ha
vi
ou
ra
l t
ra
in
in
g
H
om
e‐
ba
se
d 
ex
er
ci
se
U
su
al
 c
ar
e
12
5 
m
en
 u
nd
er
go
in
g 
su
rg
er
y
M
ea
n 
ag
e 
60
.9
 ±
 6
.9
 y
ea
rs
.
Pr
os
ta
te
 c
an
ce
r
C
om
or
bi
di
ty
 re
po
rt
ed
6 
m
on
th
s’ 
po
st
‐s
ur
ge
ry
10
%
A
t	
6	
m
on
th
s:
D
iff
er
en
ce
 b
et
w
ee
n 
th
e 
gr
ou
ps
 in
 th
e 
pr
op
or
tio
n 
of
 m
en
 
re
m
ai
ni
ng
 in
co
nt
in
en
t w
as
 2
0.
03
%
 (h
ig
he
r i
n 
th
e 
in
te
rv
en
tio
n 
gr
ou
p)
 (9
5%
 C
I 6
.0
2%
 to
 3
4.
63
%
) (
p 
< 
0.
04
).
Se
ve
re
/c
on
tin
ua
l l
ea
ka
ge
 w
as
 s
til
l p
re
se
nt
 in
 1
9.
6%
 o
f c
on
tr
ol
s 
co
m
pa
re
d 
to
 5
.9
%
 o
f t
ho
se
 in
 in
te
rv
en
tio
n 
gr
ou
p 
(p
 <
 0
.0
4)
.
In
te
rv
en
tio
n 
gr
ou
p 
ha
d 
a
• 
hi
gh
er
 p
ro
po
rt
io
n 
of
 d
ry
 d
ay
s 
(p
 <
 0
.0
4)
,
• 
lo
w
er
 p
ro
po
rt
io
n 
us
in
g 
pa
ds
 (p
 <
 0
.0
5)
. 
N
o 
gr
ou
p 
di
ff
er
en
ce
s 
w
er
e 
fo
un
d 
in
 li
fe
st
yl
e 
va
ria
bl
es
,
• 
in
co
nt
in
en
ce
 im
pa
ct
 (p
 =
 0
.3
6,
• 
ps
yc
ho
lo
gi
ca
l d
is
tr
es
s 
(p
 =
 0
.6
9)
• 
qu
al
ity
 o
f l
ife
 (p
	=
	0
.3
1	
to
	0
.8
9)
. 
U
nc
le
ar
 h
ow
 lo
ng
 p
ro
vi
de
d 
an
d 
th
e 
in
te
ns
ity
 o
f t
he
 e
xe
rc
is
es
C
ar
li 
et
 a
l. 
(2
01
0)
Fr
eq
ue
nc
y:
 a
ve
ra
ge
 5
2 
da
ys
 p
rio
r t
o 
su
rg
er
y
In
te
ns
ity
: h
ig
h‐
in
te
ns
ity
 e
xe
rc
is
e
Ti
m
in
g 
th
re
e 
tim
es
 p
er
 w
ee
k
Ty
pe
: p
re
sc
rib
ed
 s
ta
tio
na
ry
 c
yc
lin
g 
(d
ai
ly
) w
ith
 s
tr
en
gt
he
ni
ng
 p
re
sc
rib
ed
W
al
k/
br
ea
th
in
g 
gr
ou
p:
 
re
co
m
m
en
da
tio
ns
 to
 
w
al
k 
da
ily
 a
nd
 p
er
fo
rm
 
fo
ot
 a
nd
 a
nk
le
 
ex
er
ci
se
s 
to
 e
nh
an
ce
 
lo
w
er
‐e
xt
re
m
ity
 
ci
rc
ul
at
io
n 
as
 w
el
l a
s 
br
ea
th
in
g 
ex
er
ci
se
s
11
2 
pa
tie
nt
s 
un
de
rg
oi
ng
 
co
lo
re
ct
al
su
rg
er
y.
M
ea
n 
ag
e 
60
 (S
D
 1
6)
Pa
rt
ic
ip
an
ts
 w
ith
 
co
m
or
bi
di
tie
s 
gr
ad
e 
IV
 o
r 
V
 w
er
e 
ex
cl
ud
ed
 fr
om
 
st
ud
y 
or
 if
 u
na
bl
e 
to
 
co
m
pl
et
e 
te
st
in
g 
pr
oc
ed
ur
e
10
 w
ee
ks
’ 
po
st
‐s
ur
ge
ry
16
%
Im
pr
ov
em
en
t i
n 
w
al
ki
ng
 c
ap
ac
ity
 in
 w
al
k/
br
ea
th
in
g 
(4
7%
) v
er
su
s 
bi
ke
/s
tr
en
gt
he
ni
ng
 p
re
‐s
ur
ge
ry
 (2
2%
). 
Bu
t n
ot
 s
us
ta
in
ed
 o
ve
r 
tim
e
• 
 M
ea
n 
pe
ak
 V
O
2 i
m
pr
ov
ed
 in
 b
ot
h 
gr
ou
ps
: B
ik
e/
st
re
ng
th
en
in
g 
13
4 
m
l/
m
in
 (p
 =
 0
.0
03
) v
er
su
s 
w
al
k 
br
ea
th
in
g 
11
2 
m
l/
m
in
 
(p
 =
 0
.0
07
) b
ut
 n
ot
 o
ve
r t
im
e.
•	
	A
nx
ie
ty
	c
on
si
de
ra
bl
y	
re
du
ce
d	
af
te
r	
su
rg
er
y	
bu
t	
di
d	
no
t	
ch
an
ge
	
in
 e
ith
er
 g
ro
up
 o
ve
r t
he
 p
re
ha
bi
lit
at
io
n 
pe
rio
d.
• 
 D
ep
re
ss
io
n 
im
pr
ov
ed
 fo
r t
he
 b
ik
e/
st
re
ng
th
en
in
g 
gr
ou
p 
ov
er
 
th
e 
pr
eh
ab
ili
ta
tio
n 
pe
rio
d.
• 
 Ex
er
ci
se
 p
ar
tic
ip
at
io
n 
bi
ke
/s
tr
en
gt
he
ni
ng
 g
ro
up
 >
 w
al
k/
br
ea
th
in
g 
gr
ou
p 
(p
 =
 0
.0
75
).
Lo
w
er
 e
xe
rc
is
e 
ha
d 
be
tt
er
 o
ut
co
m
es
 b
ec
au
se
 o
f l
es
s 
dr
op
ou
ts
, 
po
or
 c
om
pl
ia
nc
e 
in
 th
e 
hi
gh
er
 in
te
ns
ity
 g
ro
up
 m
ay
 h
av
e 
be
en
 
to
o 
ha
rd
 fo
r s
uc
h 
pa
tie
nt
s
(C
on
tin
ue
s)
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A
B
L
E
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(C
on
tin
ue
d)
R
ef
er
en
ce
In
te
rv
en
ti
on
 d
es
cr
ip
ti
on
C
on
tr
ol
 g
ro
up
 
de
sc
rip
tio
n
Sa
m
pl
e
Fo
llo
w
‐u
p 
af
te
r 
in
te
rv
en
tio
n
A
tt
rit
io
n
C
ri
ti
ca
l a
na
ly
si
s
C
en
te
m
er
o 
et
 a
l. 
(2
01
0)
Fr
eq
ue
nc
y:
 s
ta
rt
ed
 3
0 
da
ys
 b
ef
or
e 
su
rg
er
y 
2×
 p
er
 w
ee
k
In
te
ns
ity
: p
hy
si
ot
he
ra
pi
st
 
en
co
ur
ag
em
en
t
Ti
m
in
g:
 3
0 
m
in
Ty
pe
: p
el
vi
c 
flo
or
 m
us
cl
e 
ex
er
ci
se
s 
at
 
ho
sp
ita
l a
nd
 a
t h
om
e
Po
st
‐o
pe
ra
tiv
e 
pe
lv
ic
 
flo
or
 m
us
cl
e 
ex
er
ci
se
s 
4
8	
hr
	a
ft
er
	c
at
he
te
r	
re
m
ov
al
11
8	
m
al
es
	u
nd
er
go
in
g	
su
rg
er
y.
46
–6
8	
ye
ar
s	
ol
d.
Pr
os
ta
te
 c
an
ce
r
C
om
or
bi
di
ty
 n
ot
 re
po
rt
ed
3 
m
on
th
s
17
%
 d
id
 
no
t s
ta
rt
 
st
ud
y 
bu
t 
w
er
e 
el
ig
ib
le
C
on
tin
en
ce
 in
 p
re
‐o
pe
ra
tiv
e 
gr
ou
p 
w
as
 5
9.
3%
 v
er
su
s 
po
st
‐ 
op
er
at
iv
e	
gr
ou
p	
37
.3
%
	(p
	<
	0
.0
28
)
•	
	IC
S	
m
al
e	
SF
	m
ea
n	
sc
or
e	
in
	p
re
‐o
pe
ra
ti
ve
	g
ro
up
	8
.1
	v
er
su
s	
po
st
‐o
pe
ra
tiv
e 
gr
ou
p 
12
.2
.
• 
 St
ud
y 
fo
un
d 
th
at
 p
re
‐o
pe
ra
tiv
e 
PF
M
E 
im
pr
ov
ed
 q
ua
lit
y 
of
 li
fe
 
(T
he
 IC
FS
 is
 a
 s
ym
pt
om
‐b
as
ed
 to
ol
)
N
o 
de
ta
il 
re
‐a
dh
er
en
ce
 to
 e
xe
rc
is
es
. T
he
 q
ue
st
io
n 
w
he
th
er
 th
e 
pr
e‐
op
er
at
iv
e 
or
 p
os
t‐
op
er
at
iv
e 
ha
d 
m
os
t e
ff
ec
t i
s 
un
cl
ea
r. 
D
iff
er
en
ce
s 
pe
rs
is
te
d 
fo
r u
p 
to
 6
 m
on
th
s 
at
 1
 y
ea
r t
he
re
 w
as
 n
o 
di
ff
er
en
ce
C
he
vi
lle
 e
t a
l. 
(2
01
5)
Fr
eq
ue
nc
y:
 2
–3
× 
pe
r w
ee
k
In
te
ns
ity
:
Ti
m
in
g:
(6
–8
	s
es
si
on
s)
Ty
pe
: l
ed
 b
y 
ps
yc
hi
at
ris
t i
nc
lu
de
d 
so
ci
al
, c
og
ni
tiv
e,
 e
m
ot
io
na
l c
ar
e 
vi
a 
ex
er
ci
se
, e
du
ca
tio
n 
an
d 
re
la
xa
tio
n
U
su
al
 c
ar
e
61
 s
tu
dy
 s
am
pl
e
W
om
en
, m
ea
n 
ag
e 
61
.2
C
om
or
bi
di
ty
 n
ot
 re
po
rt
ed
30
‐d
ay
 
re
ad
m
is
si
on
N
ot
 
re
po
rt
ed
M
or
e 
pa
tie
nt
s 
in
 th
e 
in
te
rv
en
tio
n 
co
m
pl
et
ed
 c
he
m
ot
he
ra
py
 
(p
 =
 0
.0
03
) t
ha
n 
co
nt
ro
l
• 
 In
te
rv
en
tio
n 
gr
ou
p 
ha
d 
si
gn
ifi
ca
nt
ly
 fe
w
er
 tr
ea
tm
en
t 
ho
sp
ita
lis
at
io
ns
 (p
 =
 0
.0
01
)
• 
 N
o 
di
ff
er
en
ce
 in
 o
th
er
 m
ea
su
re
s
Th
er
e 
ar
e 
no
 d
at
a 
ca
pt
ur
e 
on
 m
ed
ic
at
io
ns
 o
r f
un
ct
io
na
l h
ea
lth
 
st
at
us
. N
o 
pa
tie
nt
 re
po
rt
ed
 o
ut
co
m
es
 o
r p
sy
ch
ol
og
ic
al
 m
ea
su
re
s 
al
l d
at
a 
ca
pt
ur
e 
w
as
 th
ro
ug
h 
EM
R 
re
tr
os
pe
ct
iv
e 
re
co
rd
s
G
ar
ss
en
 e
t a
l. 
(2
01
3)
Fr
eq
ue
nc
y:
 fo
ur
 s
es
si
on
s 
5 
an
d 
1 
da
y 
pr
io
r t
o 
su
rg
er
y 
w
ith
 s
es
si
on
 2
 a
nd
 
30
 d
ay
s 
po
st
‐s
ur
ge
ry
In
te
ns
ity
:
Ti
m
in
g:
 4
0–
60
 m
in
Ty
pe
: s
tr
es
s 
m
an
ag
em
en
t t
ra
in
in
g 
de
liv
er
ed
 b
y 
cl
in
ic
al
 p
sy
ch
ol
og
is
t—
re
la
xa
tio
n,
 g
ui
de
d 
im
ag
er
y 
te
ch
ni
qu
es
, a
nd
 c
ou
ns
el
lin
g
U
su
al
 c
ar
e
70
 w
om
en
 u
nd
er
go
in
g 
su
rg
er
y 
fo
r b
re
as
t c
an
ce
r
In
te
rv
en
tio
n 
m
ea
n 
ag
e 
52
 y
ea
rs
 c
on
tr
ol
 g
ro
up
 
m
ea
n 
ag
e 
54
 y
ea
rs
C
om
or
bi
di
ty
 p
ar
tia
lly
 
re
po
rt
ed
 (B
M
I, 
al
co
ho
l 
us
e)
30
–9
0 
da
ys
 
po
st
‐s
ur
ge
ry
18
%
O
nl
y 
57
%
 
of
 e
lig
ib
le
 
pa
tie
nt
s 
fin
is
he
d 
st
ud
y
A
t	
3	
m
on
th
s’
	p
os
t‐
su
rg
er
y	
co
m
pa
re
d	
to
	b
as
el
in
e,
	t
he
	in
te
rv
en
ti
on
	
gr
ou
p 
ha
d:
• 
Si
gn
ifi
ca
nt
 d
iff
er
en
ce
 a
t 1
 m
on
th
 in
 d
ep
re
ss
io
n
• 
no
 s
ig
ni
fic
an
t d
iff
er
en
ce
 in
 q
ua
lit
y 
of
 li
fe
• 
no
 s
ig
ni
fic
an
t d
iff
er
en
ce
 in
 w
el
lb
ei
ng
• 
pa
in
 n
ot
 m
ea
su
re
d 
at
 3
 m
on
th
s
• 
 co
nt
ro
l g
ro
up
 m
or
e 
co
m
pl
ai
nt
s 
th
an
 in
te
rv
en
tio
n 
gr
ou
p 
(0
.0
01
 <
 p
<0
.0
1)
.
A
t	
3	
m
on
th
s	
po
st
‐o
p	
m
ea
su
re
s	
w
ill
	b
e	
af
fe
ct
ed
	b
y	
st
ar
t	
of
	
ad
ju
va
nt
 tr
ea
tm
en
t (
an
d 
no
 in
fo
rm
at
io
n 
re
po
rt
ed
 o
n 
th
is
). 
Ex
pe
rie
nc
e 
of
 c
on
tr
ol
 m
ea
su
re
d 
by
 a
ut
ho
r d
es
ig
ne
d 
4‐
ite
m
 
qu
es
tio
nn
ai
re
s 
(u
n 
va
lid
at
ed
 m
ea
su
re
s)
. U
na
bl
e 
to
 d
iff
er
en
tia
te
 
ef
fe
ct
 o
f i
nt
er
ve
nt
io
n 
co
nt
en
t o
r p
sy
ch
ol
og
is
t i
nt
er
ve
nt
io
n.
Th
e 
st
ud
y 
po
w
er
 is
 n
ot
 c
le
ar
 a
ga
in
st
 it
s 
pr
im
ar
y 
ou
tc
om
e.
 
Ta
rg
et
ed
 in
te
rv
en
tio
n.
 T
he
 d
iff
er
en
ce
s 
be
tw
ee
n 
gr
ou
ps
 a
t 
3 
m
on
th
s 
ar
e 
no
t s
ig
ni
fic
an
t
(C
on
tin
ue
s)
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R
ef
er
en
ce
In
te
rv
en
ti
on
 d
es
cr
ip
ti
on
C
on
tr
ol
 g
ro
up
 
de
sc
rip
tio
n
Sa
m
pl
e
Fo
llo
w
‐u
p 
af
te
r 
in
te
rv
en
tio
n
A
tt
rit
io
n
C
ri
ti
ca
l a
na
ly
si
s
G
ill
is
 e
t a
l. 
(2
01
4)
Fr
eq
ue
nc
y:
	2
4	
da
ys
−3
	d
ay
s	
pe
r	
w
ee
k
In
te
ns
ity
: m
od
er
at
e 
ae
ro
bi
c 
an
d 
re
si
st
an
ce
 e
xe
rc
is
es
,
Ti
m
in
g:
 5
0 
m
in
Ty
pe
 h
om
e‐
ba
se
d 
un
su
pe
rv
is
ed
 
in
iti
al
ly
 p
er
so
na
lis
ed
 to
 th
e 
in
di
vi
du
al
. N
ut
rit
io
n 
co
un
se
lli
ng
 w
ith
 
pr
ot
ei
n 
su
pp
le
m
en
ta
tio
n
C
op
in
g 
st
ra
te
gi
es
 to
 re
du
ce
 a
nx
ie
ty
 
an
d 
pr
om
ot
e 
ad
he
re
nc
e 
w
ith
 
ex
er
ci
se
s 
pr
ov
id
ed
 o
n 
a 
C
D
Re
ha
bi
lit
at
io
n 
gr
ou
p 
or
 
8	
w
ee
ks
	p
os
t‐
op
er
a‐
tiv
el
y 
(s
am
e 
as
 
in
te
rv
en
tio
n 
bu
t a
ft
er
 
su
rg
er
y)
89
	p
at
ie
nt
s	
un
de
rg
oi
ng
	
su
rg
er
y 
fo
r c
ol
or
ec
ta
l 
ca
nc
er
pr
eh
ab
 m
ea
n 
ag
e 
= 
65
.7
 
(1
3.
6)
; r
eh
ab
 m
ea
n 
= 
66
.0
 
(9
.1
)
C
om
or
bi
di
ty
 fu
lly
 re
po
rt
ed
8	
w
ee
ks
’	
po
st
‐o
p
13
%
D
iff
er
en
ce
 b
et
w
ee
n 
ba
se
lin
e 
an
d 
fo
llo
w
‐u
p 
in
 p
re
ha
bi
lit
at
io
n 
gr
ou
p.
 M
ea
n 
di
ff
er
en
t 4
5.
4 
m
 (9
5%
 C
I, 
13
.9
–7
7.
0)
• 
Ba
se
lin
e:
 P
re
ha
b 
42
1 
m
 (S
D
, 1
20
.0
) R
eh
ab
 4
25
 m
 (S
D
,	8
3.
8)
•	
	P
re
‐t
re
at
m
en
t:
	P
re
ha
b	
+	
25
.2
	(5
0.
2)
	R
eh
ab
	−
16
.4
	(4
6.
0)
	
p 
= 
0.
00
1
• 
 50
%
 o
f p
at
ie
nt
s 
in
 b
ot
h 
gr
ou
ps
 re
m
ai
ne
d 
m
or
e 
th
an
 2
0 
m
 
be
lo
w
 b
as
el
in
e
•	
A
t	
8	
w
ee
ks
,	p
re
ha
b	
+2
3.
4	
(5
4.
8)
	r
eh
ab
	−
21
.8
	(8
0.
7
).	
p 
= 
0.
02
0
• 
 C
om
pl
ic
at
io
n 
ra
te
s 
an
d 
le
ng
th
 o
f h
os
pi
ta
l s
ta
y 
w
er
e 
si
m
ila
r i
n 
pr
eh
ab
ili
ta
tio
n 
an
d 
re
ha
bi
lit
at
io
n 
gr
ou
ps
.
A
	c
ha
ng
e	
of
	2
0	
m
	is
	c
on
si
de
re
d	
cl
in
ic
al
ly
	m
ea
ni
ng
fu
l	a
s	
th
is
	is
	t
he
	
es
tim
at
ed
 m
ea
su
re
m
en
t o
f c
om
m
un
ity
‐d
w
el
lin
g 
el
de
rly
Li
m
ita
tio
n 
of
 th
e 
st
ud
y 
is
 m
is
si
ng
 d
at
a 
an
d 
un
cl
ea
r w
hi
ch
 m
od
al
ity
 
of
 p
re
ha
bi
lit
at
io
n 
re
sp
on
si
bl
e 
fo
r o
ut
co
m
es
G
ill
is
 e
t a
l. 
(2
01
6)
Fr
eq
ue
nc
y:
 4
 w
ee
ks
 p
rio
r t
o 
su
rg
er
y:
In
te
ns
ity
: d
ai
ly
 in
te
rv
en
tio
n
Ti
m
in
g:
 9
0 
m
in
 p
er
 d
ay
Ty
pe
: i
nd
iv
id
ua
lis
ed
 n
ut
rit
io
n 
co
un
se
lli
ng
 w
ith
 d
ai
ly
 w
he
y 
pr
ot
ei
n 
su
pp
le
m
en
ta
tio
n
In
di
vi
du
al
is
ed
 n
ut
rit
io
n 
co
un
se
lli
ng
 w
ith
 a
 
no
n‐
nu
tr
iti
ve
 p
la
ce
bo
43
 p
at
ie
nt
s 
un
de
rg
oi
ng
 
su
rg
ic
al
 tr
ea
tm
en
t.
M
ea
n 
ag
e 
67
.6
 y
ea
rs
 (S
D
 
11
.5
). 
M
ea
n 
ag
e 
in
 
pl
ac
eb
o 
gr
ou
p 
(6
9.
1 
ye
ar
s 
(S
D
 9
.4
)
C
om
or
bi
di
tie
s 
pa
rt
ia
lly
 
re
po
rt
ed
4–
8	
w
ee
ks
	
po
st
‐o
p
10
%
B
ef
or
e	
su
rg
er
y	
im
pr
ov
em
en
t	
in
	w
he
y	
gr
ou
p	
20
.8
	m
	(S
D
 4
2.
6 
m
) 
an
d 
in
 p
la
ce
bo
 g
ro
up
 (1
.2
 m
 (S
D
 6
5.
5 
m
) (
p 
= 
0.
27
).
• 
 Re
co
ve
ry
 ra
te
s 
w
er
e 
si
m
ila
r b
et
w
ee
n 
gr
ou
ps
 in
 th
e 
4‐
w
ee
ks
 
po
st
‐s
ur
ge
ry
 (p
	=
	0
.8
1)
.
• 
 C
om
m
en
t: 
in
te
rv
en
tio
n 
fo
cu
se
d 
on
 b
ui
ld
in
g 
st
re
ng
th
. F
oc
us
 o
n 
up
pe
r‐
bo
dy
 s
tr
en
gt
h 
an
d 
no
t l
ow
er
 b
od
y.
 P
os
t‐
in
te
rv
en
tio
n 
la
ck
 o
f n
ut
rit
io
n 
m
ay
 im
pa
ct
 o
n 
si
m
ila
r g
ro
up
 tr
aj
ec
to
rie
s.
• 
 Pr
e‐
su
rg
er
y 
re
su
lts
 a
re
 s
ig
ni
fic
an
t b
ut
 n
ot
 s
us
ta
in
ed
 a
t 4
 w
ee
ks
6 
M
W
T 
da
ta
 m
is
si
ng
 p
re
‐o
p 
fo
r f
ou
r p
at
ie
nt
s 
(tw
o 
pl
ac
eb
o,
 tw
o 
w
he
y)
 a
nd
 1
2 
po
st
‐o
p 
(fo
ur
 p
la
ce
bo
, e
ig
ht
 w
he
y)
, a
na
ly
si
s 
ba
se
d 
on
 3
2 
pa
rt
ic
ip
an
ts
. I
f p
ro
te
in
 re
qu
ire
d 
to
 im
pr
ov
e 
m
us
cl
e 
fu
nc
tio
na
l c
ap
ac
ity
, p
re
su
m
ab
ly
 p
ro
te
in
 s
up
pl
em
en
ta
tio
n 
sh
ou
ld
 
be
 c
on
tin
ue
d 
po
st
‐o
p 
fo
r f
un
ct
io
na
l c
ap
ac
ity
 to
 b
e 
m
ai
nt
ai
ne
d?
 
Th
is
 s
tu
dy
 in
di
ca
te
s 
th
at
 e
ff
ec
ts
 m
ay
 o
nl
y 
be
 s
ho
rt
‐t
er
m
 (i
.e
. 
4 
w
ee
ks
 to
 d
ay
 o
f s
ur
ge
ry
, a
nd
 a
ss
oc
ia
te
d 
w
ith
 d
ur
at
io
n 
of
 
in
te
rv
en
tio
n)
T
A
B
L
E
 2
 
(C
on
tin
ue
d)
(C
on
tin
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R
ef
er
en
ce
In
te
rv
en
ti
on
 d
es
cr
ip
ti
on
C
on
tr
ol
 g
ro
up
 
de
sc
rip
tio
n
Sa
m
pl
e
Fo
llo
w
‐u
p 
af
te
r 
in
te
rv
en
tio
n
A
tt
rit
io
n
C
ri
ti
ca
l a
na
ly
si
s
Je
ns
en
	e
t	
al
.	
(2
01
4)
Fr
eq
ue
nc
y:
 2
 w
ee
ks
 p
rio
r t
o 
su
rg
er
y:
In
te
ns
ity
: 1
5‐
m
in
 s
te
p 
tr
ai
ni
ng
Ti
m
in
g:
 2
× 
pe
r d
ay
Ty
pe
: w
rit
te
n 
in
fo
rm
at
io
n 
an
d 
m
ot
iv
at
io
n
ho
m
e 
ba
se
d
Pt
 ta
ilo
re
d 
ex
er
ci
se
s 
fo
r s
ix
 m
us
cl
e 
st
re
ng
th
 a
nd
 e
nd
ur
an
ce
St
an
da
rd
is
ed
 p
os
t‐
op
er
at
iv
e 
m
ob
ili
sa
tio
n
St
an
da
rd
is
ed
 n
ut
rit
io
na
l 
sc
re
en
in
g 
an
d 
co
un
se
lli
ng
.
St
an
da
rd
is
ed
 
po
st
‐o
pe
ra
tiv
e 
m
ob
ili
sa
tio
n 
w
as
 
en
co
ur
ag
ed
 a
t l
ea
st
 2
× 
at
 3
0 
m
in
 d
ay
12
9 
pa
tie
nt
s u
nd
er
go
in
g 
ra
di
ca
l c
ys
te
ct
om
y 
(a
na
ly
si
s b
as
ed
 o
n 
10
0 
(in
te
rv
en
tio
n 
47
, s
ta
nd
ar
d 
53
)
Bl
ad
de
r c
an
ce
r
C
om
or
bi
di
ty
 fu
lly
 re
po
rt
ed
4 
m
on
th
s’ 
po
st
‐s
ur
ge
ry
41
%
Th
er
e 
w
as
 n
o 
si
gn
ifi
ca
nt
 d
iff
er
en
ce
 in
 L
O
S 
an
d 
nu
m
be
r o
f a
dv
er
se
 
ev
en
ts
.
• 
 Ph
ys
ic
al
 c
ap
ac
ity
 w
as
 s
ig
ni
fic
an
tly
 im
pr
ov
ed
 (p
0.
02
) a
nd
 m
ea
n 
w
al
ki
ng
 d
is
ta
nc
e 
at
 7
 d
ay
s’ 
po
st
‐o
p.
•	
	A
t	
fo
llo
w
‐u
p	
bo
th
	g
ro
up
s	
ha
d	
re
ga
in
ed
	p
hy
si
ca
l	c
ap
ac
it
y	
an
d	
no
 d
iff
er
en
ce
 w
as
 s
ee
n.
• 
 Pa
tie
nt
 ta
ilo
re
d 
in
te
rv
en
tio
n 
bu
t u
nc
le
ar
 a
s 
to
 h
ow
 th
is
 w
as
 
pe
rs
on
al
is
ed
.	A
bs
tr
ac
t	
ha
s	
lit
tl
e	
in
fo
rm
at
io
n	
re
‐i
nt
er
ve
nt
io
n.
Ju
st
	o
ve
r	
ha
lf	
(5
5%
)	c
om
pl
et
ed
	t
he
	p
re
ha
b	
pr
og
ra
m
m
e	
at
	1
0
0%
,	
59
%
 fu
lfi
lle
d 
75
%
. I
t w
ou
ld
 h
av
e 
be
en
 u
se
fu
l t
o 
co
m
pa
re
 g
ro
up
s 
on
 6
 M
W
T 
ra
th
er
 th
an
 L
O
S 
as
 p
rim
ar
y 
ou
tc
om
e 
m
ea
su
re
Je
ns
en
	e
t	
al
.	
(2
01
5)
Fr
eq
ue
nc
y:
 2
× 
da
ily
In
te
ns
ity
: p
ro
gr
es
si
ve
 s
tr
en
gt
h 
an
d 
en
du
ra
nc
e 
ex
er
ci
se
s
Ti
m
in
g 
da
ily
Ty
pe
: p
re
‐o
pe
ra
tiv
e 
ho
m
e‐
ba
se
d 
su
pe
rv
is
ed
 e
xe
rc
is
e 
pr
og
ra
m
m
e 
an
d 
po
st
‐o
pe
ra
tiv
e 
an
d 
pr
og
re
ss
iv
e 
po
st
‐o
pe
ra
tiv
e 
m
ob
ili
sa
tio
n
Fa
st
 tr
ac
k 
Pa
tie
nt
 
ed
uc
at
io
n 
co
un
se
lli
ng
 
on
 c
ho
ic
e 
of
 u
rin
ar
y 
in
te
rv
en
tio
n,
 p
re
‐o
p 
pr
ep
ar
at
io
n,
 p
ai
n 
co
nt
ro
l a
nd
 n
ut
rit
io
n
10
7 
pa
tie
nt
s 
un
de
rg
oi
ng
 
su
rg
ic
al
 tr
ea
tm
en
t f
or
 
bl
ad
de
r c
an
ce
r. 
M
ea
n 
ag
e 
in
te
rv
en
tio
n 
gr
ou
p 
66
 y
ea
rs
, m
ea
n 
ag
e 
co
nt
ro
l g
ro
up
 7
1 
ye
ar
s.
Bl
ad
de
r c
an
ce
r
C
om
or
bi
di
tie
s 
fu
lly
 
re
po
rt
ed
4 
m
on
th
s’ 
po
st
‐s
ur
ge
ry
7%
 
at
tr
iti
on
55
%
 
ad
he
r‐
en
ce
Se
ve
rit
y 
of
 c
om
pl
ic
at
io
ns
: N
o 
sig
ni
fic
an
t d
iff
er
en
ce
 w
as
 fo
un
d 
in
 
th
e 
in
ci
de
nc
e 
(p
 =
 0
.4
7)
 o
r s
ev
er
ity
 (p
 =
 0
.6
4)
 o
f c
om
pl
ic
at
io
ns
 
be
tw
ee
n 
th
e 
tr
ea
tm
en
t g
ro
up
s a
t 9
0 
da
ys
 p
os
t‐
op
er
at
iv
el
y,
 o
r i
n 
re
ad
m
is
sio
n 
w
ith
in
 3
0 
da
ys
 (p
 =
 0
.4
9)
.
A
bi
lit
y	
to
	p
er
fo
rm
	A
D
L:
	T
he
	m
ed
ia
n	
tim
e	
w
as
	3
	d
ay
s	
in
	th
e	
in
te
rv
en
tio
n 
gr
ou
p,
 c
om
pa
re
d 
w
ith
 4
 d
ay
s i
n 
th
e 
st
an
da
rd
 g
ro
up
 
(p
 <
 0
.0
5)
.
Po
st
‐o
p 
m
ob
ili
sa
tio
n:
 si
gn
ifi
ca
nt
ly
 h
ig
he
r i
n 
th
e 
in
te
rv
en
tio
n 
gr
ou
p,
 
re
po
rt
in
g	
4,
80
6	
m
	w
al
ke
d	
(9
5%
	C
I	4
,0
75
–5
,5
36
	m
),	
co
m
pa
re
d	
to
	
th
e	
st
an
da
rd
	g
ro
up
	w
ith
	2
,9
06
	m
	w
al
ke
d	
(9
5%
	C
I	2
,4
08
–3
,4
04
	m
)	
(p
 <
 0
.0
01
) a
t 7
 d
ay
s
Si
gn
ifi
ca
nc
e 
in
 4
‐m
on
th
 o
ut
co
m
es
 b
et
w
ee
n 
gr
ou
ps
 n
ot
 s
ee
n
M
or
iy
a 
(2
01
5)
In
te
rv
en
tio
n 
1
Fr
eq
ue
nc
y:
 5
 d
ay
s 
pr
e‐
op
er
at
iv
el
y
In
te
ns
ity
: h
ig
h 
do
se
 7
50
 m
l/d
ay
Ti
m
in
g:
 d
ai
ly
Ty
pe
: i
m
m
un
e‐
en
ha
nc
in
g 
di
et
 (I
ED
) 
(e
nr
ic
he
d	
w
it
h	
ar
gi
ni
ne
,	o
m
eg
a−
3	
fa
tt
y	
ac
id
s	
an
d	
R
N
A
)	a
nd
	n
or
m
al
	
fo
od
In
te
rv
en
tio
n 
2.
In
te
ns
ity
: l
ow
‐d
os
e 
25
0 
m
l/d
ay
 
im
m
un
e‐
en
ha
nc
in
g 
di
et
C
on
tr
ol
 g
ro
up
 –
 n
or
m
al
 
fo
od
88
	p
at
ie
nt
s	
un
de
rg
oi
ng
	
su
rg
er
y 
fo
r c
ol
or
ec
ta
l 
ca
nc
er
M
ea
n 
ag
e 
in
te
rv
en
tio
n 
6
4.
7	
(2
.3
)	c
on
tr
ol
	6
3.
8	
(2
)
C
om
or
bi
di
ty
 n
ot
 re
po
rt
ed
9–
13
3 
m
on
th
s 
af
te
r s
ur
ge
ry
N
ot
 
re
po
rt
ed
In
ci
si
on
al
 S
SI
 ra
te
s 
in
 th
e 
IE
D
 g
ro
up
s 
w
er
e 
si
gn
ifi
ca
nt
ly
 lo
w
er
 in
 
th
e 
in
te
rv
en
tio
n 
gr
ou
p 
th
an
 in
 th
e 
C
on
tr
ol
 g
ro
up
. (
0%
*, 
0%
* 
an
d 
17
%
) (
*p
 <
 0
.0
1 
vs
. C
on
tr
ol
).
Th
e 
in
ci
de
nc
es
 o
f t
he
 in
fe
ct
io
ns
 n
ot
 in
vo
lv
in
g 
th
e 
su
rg
ic
al
 s
ite
 
(n
on
‐S
SI
) a
nd
 th
e 
le
ng
th
s 
of
 h
os
pi
ta
l s
ta
y 
w
er
e 
si
m
ila
r a
m
on
g 
th
e 
th
re
e 
gr
ou
ps
. N
o 
si
gn
ifi
ca
nt
 d
iff
er
en
ce
s 
w
er
e 
ob
se
rv
ed
 in
 
RF
S 
or
 D
SS
(C
on
tin
ue
s)
T
A
B
L
E
 2
 
(C
on
tin
ue
d)
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R
ef
er
en
ce
In
te
rv
en
ti
on
 d
es
cr
ip
ti
on
C
on
tr
ol
 g
ro
up
 
de
sc
rip
tio
n
Sa
m
pl
e
Fo
llo
w
‐u
p 
af
te
r 
in
te
rv
en
tio
n
A
tt
rit
io
n
C
ri
ti
ca
l a
na
ly
si
s
Pa
rk
er
 e
t a
l. 
(2
00
9)
Fr
eq
ue
nc
y:
 1
–2
 w
ee
ks
 p
re
‐o
p
In
te
ns
ity
:
Ti
m
in
g 
2×
 6
0–
90
 m
in
 s
es
si
on
s 
pl
us
 2
 
bo
os
te
r s
es
si
on
s 
on
 m
or
ni
ng
 o
f 
su
rg
er
y	
an
d	
4
8	
hr
	p
os
t‐
su
rg
er
y)
Ty
pe
:
In
te
rv
en
tio
n 
1.
 S
tr
es
s 
m
an
ag
em
en
t 
(S
M
) i
nc
lu
di
ng
 d
ia
ph
ra
gm
at
ic
 
br
ea
th
in
g 
an
d 
gu
id
ed
 im
ag
er
y 
in
di
vi
du
al
 s
es
si
on
s 
w
ith
 c
lin
ic
al
 
ps
yc
ho
lo
gi
st
,
In
te
rv
en
tio
n 
2
Su
pp
or
ti
ve
	a
tt
en
ti
on
	(S
A
)	g
ro
up
	
di
sc
us
se
d 
th
ei
r c
on
ce
rn
s 
ab
ou
t t
he
 
up
co
m
in
g 
su
rg
er
y 
an
d 
ha
d 
a 
se
m
i‐s
tr
uc
tu
re
d 
m
ed
ic
al
 in
te
rv
ie
w
St
an
da
rd
 c
ar
e 
(n
o 
m
ee
tin
gs
 w
ith
 c
lin
ic
al
 
ps
yc
ho
lo
gi
st
)
15
9 
m
en
 u
nd
er
go
in
g 
su
rg
er
y 
fo
r p
ro
st
at
e 
ca
nc
er
.
M
ea
n 
ag
e 
60
.9
 (5
.9
)
C
om
or
bi
di
tie
s 
no
t r
ep
or
te
d
6–
12
 m
on
th
s 
po
st
‐s
ur
ge
ry
34
%
Po
st
‐t
re
at
m
en
t i
m
pr
ov
em
en
ts
 o
f i
nt
er
ve
nt
io
n 
on
 m
oo
d 
di
st
ur
ba
nc
e 
(p
 =
 0
.0
2)
 w
ith
 th
e 
st
re
ss
 m
an
ag
em
en
t g
ro
up
 w
ith
 
no
 s
ig
ni
fic
an
t d
iff
er
en
ce
s 
be
tw
ee
n 
gr
ou
ps
 in
 a
ny
 o
f t
he
 
as
se
ss
m
en
t t
im
es
 b
et
w
ee
n 
gr
ou
ps
 o
ve
r t
im
e.
Th
e 
m
ix
ed
 m
od
el
 a
na
ly
si
s 
ta
rg
et
ed
 th
er
ap
ie
s.
 D
iff
er
en
ce
s 
in
 
m
oo
d 
w
er
e 
sm
al
l a
nd
 a
lth
ou
gh
 s
ig
ni
fic
an
t a
re
 n
ot
 c
lin
ic
al
ly
 
si
gn
if
ic
an
t.
	A
t	
1	
ye
ar
,	p
at
ie
nt
s	
ha
d	
be
tt
er
	p
hy
si
ca
l	f
un
ct
io
n	
(S
F3
6)
	b
ut
	t
hi
s	
w
as
	s
el
f‐
re
po
rt
ed
.	A
	t
ar
ge
te
d	
in
te
rv
en
ti
on
	o
n	
th
os
e 
in
di
vi
du
al
s 
w
ith
 h
ig
he
r s
tr
es
s 
m
ay
 b
e 
m
or
e 
be
ne
fic
ia
l i
n 
te
rm
s 
of
 e
ff
ec
t s
iz
e.
M
en
 in
 S
M
 g
ro
up
 h
ad
 s
ig
ni
fic
an
tly
 h
ig
he
r p
hy
si
ca
l c
om
po
ne
nt
 
su
m
m
ar
y 
sc
or
e 
on
 S
F3
5 
th
an
 m
en
 is
 S
C 
gr
ou
p 
at
 o
ne
 y
ea
r 
(p
 =
 0
.0
00
9)
, b
ut
 n
o 
di
ff
er
en
ce
 in
 m
en
ta
l c
om
po
ne
nt
 s
um
m
ar
y 
sc
or
e 
or
 p
ro
st
at
e‐
sp
ec
ifi
c 
Q
ol
 in
 P
C
I. 
Th
e 
st
ud
y 
ex
cl
ud
ed
 
em
ot
io
na
lly
 d
is
tr
es
se
d 
m
en
 w
ho
 m
ay
 b
en
ef
it 
fr
om
 s
uc
h 
an
 
in
te
rv
en
tio
n
Sc
hm
id
t e
t a
l. 
(2
01
5)
Fr
eq
ue
nc
y:
 1
 d
ay
 p
re
‐o
pe
ra
tiv
el
y
In
te
ns
ity
:
Ti
m
in
g:
 7
 d
ay
s
Ty
pe
 in
fo
rm
at
io
n 
bo
ok
le
t l
ife
st
yl
e 
ad
vi
ce
, m
ob
ili
sa
tio
n,
 n
ut
rit
io
n 
an
d 
di
ar
y 
ke
ep
in
g
St
an
da
rd
 c
ar
e—
in
fo
rm
a‐
tio
n 
re
ga
rd
in
g 
su
rg
ic
al
 
an
d 
an
ae
st
he
si
ol
og
y 
ris
ks
 a
nd
 p
ro
ce
du
re
s
65
2 
pa
tie
nt
’s 
un
de
rg
oi
ng
 
el
ec
tiv
e 
su
rg
er
y
fo
r g
as
tr
oi
nt
es
tin
al
, 
ge
ni
to
ur
in
ar
y,
 a
nd
 
th
or
ac
ic
 c
an
ce
r
65
 y
ea
rs
 o
f a
ge
C
om
or
bi
di
tie
s 
re
po
rt
ed
3 
–1
2 
m
on
th
s 
af
te
r s
ur
ge
ry
15
%
C
om
pl
ic
at
io
ns
: O
cc
ur
re
nc
e 
an
d 
se
ve
rit
y 
of
 c
om
pl
ic
at
io
ns
 w
er
e 
co
m
pa
ra
bl
e 
in
 b
ot
h 
gr
ou
ps
, a
lth
ou
gh
 s
ev
er
e 
ha
em
or
rh
ag
e 
oc
cu
rr
ed
 s
ig
ni
fic
an
tly
 m
or
e 
of
te
n 
in
 th
e 
in
te
rv
en
tio
n 
gr
ou
p 
(6
.7
%
 v
s.
 2
.5
%
; p
 =
 0
.0
1)
.
• 
LO
S:
 n
o 
si
gn
ifi
ca
nt
 d
iff
er
en
ce
 b
et
w
ee
n 
bo
th
 g
ro
up
s 
(p
 =
 0
.9
9)
.
• 
 H
RQ
oL
: n
o 
si
gn
ifi
ca
nt
 d
iff
er
en
ce
 b
et
w
ee
n 
th
e 
gl
ob
al
 H
RQ
oL
 
12
 m
on
th
s 
af
te
r s
ur
ge
ry
 in
 th
e 
in
te
rv
en
tio
n 
an
d 
in
 th
e 
co
nt
ro
l 
gr
ou
p.
• 
 Po
st
‐o
pe
ra
tiv
e 
st
re
ss
: (
m
ob
ili
sa
tio
n,
 P
O
N
V 
an
d 
po
st
‐o
pe
ra
tiv
e 
pa
in
). 
Pa
tie
nt
s i
n 
th
e 
in
te
rv
en
tio
n 
gr
ou
p 
re
po
rt
ed
 le
ss
 p
ai
n 
on
 th
e 
fir
st
	p
os
t‐
op
er
at
iv
e	
da
y	
(7
5.
2%
	v
s.
	8
2.
3%
,	p
 =
 0
.0
3)
. T
he
re
 w
er
e 
no
 d
iff
er
en
ce
s r
eg
ar
di
ng
 m
ob
ili
sa
tio
n 
w
ith
in
 th
e 
fir
st
 2
4 
hr
 (6
9.
2%
 
vs
. 7
0.
4%
, p
	=
	0
.7
3)
,	o
r	P
O
N
V
	w
ith
in
	th
e	
fir
st
	fi
ve
	d
ay
s	
(5
2.
8%
	v
s.
	
56
.4
%
, p
 =
 0
.3
9)
.
• 
 D
ep
re
ss
io
n:
 T
he
re
 w
as
 n
o 
di
ff
er
en
ce
 in
 th
e 
ge
ria
tr
ic
 d
ep
re
ss
io
n 
sc
al
e 
be
tw
ee
n 
in
te
rv
en
tio
n 
an
d 
co
nt
ro
l g
ro
up
s a
t d
is
ch
ar
ge
 
(p
	=
	0
.8
6)
.
• 
 Re
ad
m
is
si
on
: T
he
 re
ad
m
is
si
on
 ra
te
 w
ith
in
 9
0 
da
ys
 w
as
 s
lig
ht
ly
 
hi
gh
er
 fo
r p
at
ie
nt
s 
in
 th
e 
in
te
rv
en
tio
n 
gr
ou
p 
(p
 =
 0
.7
0)
. 
In
‐h
os
pi
ta
l l
en
gt
h 
of
 s
ta
y 
at
 re
ad
m
is
si
on
 w
as
 s
ho
rt
er
 th
an
 in
 
th
e 
st
an
da
rd
 c
ar
e 
gr
ou
p 
w
ith
ou
t r
ea
ch
in
g 
st
at
is
tic
al
 
si
gn
ifi
ca
nc
e 
(p
 =
 0
.2
2)
.
• 
 M
or
ta
lit
y:
 T
he
 o
ve
ra
ll 
m
or
ta
lit
y 
di
d 
no
t d
iff
er
 s
ig
ni
fic
an
tly
 
be
tw
ee
n 
th
e 
tw
o 
gr
ou
ps
 (L
og
‐R
an
k‐
te
st
 p
 =
 0
.1
97
).
Pa
tie
nt
 e
m
po
w
er
m
en
t f
ai
le
d 
to
 s
ho
rt
ed
 L
O
S 
or
 H
RQ
O
L.
 T
hi
s 
ty
pe
 
of
 in
te
rv
en
tio
n 
co
ul
d 
en
ha
nc
e 
qu
al
ity
 o
f c
ar
e 
in
 re
ga
rd
 to
 p
ai
n,
 
an
d 
si
nc
e 
ov
er
‐t
re
at
m
en
t o
f p
ai
n 
is
 p
ar
tic
ul
ar
ly
 h
ar
m
fu
l f
or
 
el
de
rly
 p
at
ie
nt
s,
 p
at
ie
nt
 s
af
el
y 
ca
n 
th
us
 b
e 
im
pr
ov
ed
. P
re
‐ 
op
er
at
iv
e 
in
fo
rm
at
io
n 
w
as
 re
ce
iv
ed
 w
el
l b
y 
pa
tie
nt
s 
w
ho
 w
er
e 
co
gn
iti
ve
ly
 a
nd
 p
hy
si
ca
lly
 fi
t
T
A
B
L
E
 2
 
(C
on
tin
ue
d)
(C
on
tin
ue
s)
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R
ef
er
en
ce
In
te
rv
en
ti
on
 d
es
cr
ip
ti
on
C
on
tr
ol
 g
ro
up
 
de
sc
rip
tio
n
Sa
m
pl
e
Fo
llo
w
‐u
p 
af
te
r 
in
te
rv
en
tio
n
A
tt
rit
io
n
C
ri
ti
ca
l a
na
ly
si
s
St
ef
an
el
li 
et
 a
l. 
(2
01
3)
Fr
eq
ue
nc
y:
 3
 w
ee
ks
 p
re
‐o
pe
ra
tiv
el
y
In
te
ns
ity
: h
ig
h‐
in
te
ns
ity
 tr
ai
ni
ng
Ti
m
in
g:
 1
5 
× 
3‐
hr
 s
es
si
on
s 
w
ee
kd
ay
s
Ty
pe
: o
ut
pa
tie
nt
 in
te
ns
iv
e 
pu
lm
on
ar
y 
re
ha
bi
lit
at
io
n 
(P
RP
) b
as
ed
 o
n 
of
 b
ot
h 
up
pe
r‐
 a
nd
 lo
w
er
‐li
m
b 
m
us
cl
es
C
on
tr
ol
 s
ur
ge
ry
 
ac
co
rd
in
g 
to
 th
e 
no
rm
al
 s
ta
nd
ar
d 
pr
e‐
op
er
at
iv
e 
pr
ot
oc
ol
40
 N
SC
L 
an
d 
C
O
PD
 
un
de
rg
oi
ng
 lo
be
ct
om
y
A
ge
	>
75
Ex
cl
ud
ed
 p
at
ie
nt
s 
w
ith
 
co
m
or
bi
di
ty
60
 d
ay
s 
af
te
r 
su
rg
er
y
N
ot
 
re
po
rt
ed
A
	s
ig
ni
fi
ca
nt
	d
if
fe
re
nc
e	
w
as
	o
bs
er
ve
d	
bo
th
	a
t	
T1
	a
nd
	T
2.
In
 p
re
ha
bi
lit
at
io
n 
gr
ou
p,
 p
ea
k 
V
O
2 i
m
pr
ov
es
 s
ig
ni
fic
an
tly
 fr
om
 T
0 
to
 T
1,
 p
 <
 0
.0
01
 a
nd
 d
et
er
io
ra
te
s 
fr
om
 T
1 
to
 T
2,
 p
 <
 0
.0
01
 in
 
co
nt
ro
l r
ev
er
tin
g 
to
 a
 s
im
ila
r v
al
ue
 to
 th
at
 a
t T
0.
• 
 C
on
tr
ol
 g
ro
up
 p
ea
k 
V
O
2 d
id
 n
ot
 c
ha
ng
e 
fr
om
 T
0 
to
 T
1 
an
d 
si
gn
ifi
ca
nt
ly
 d
et
er
io
ra
te
s 
fr
om
 T
1 
to
• 
T2
: p
 <
 0
.0
00
01
.
• 
FE
V
1 
N
S 
T0
, T
1,
 T
2
C
ur
re
nt
ly
, o
th
er
 s
tu
di
es
 a
re
 n
ee
de
d 
to
 d
em
on
st
ra
te
 th
at
 th
e 
pa
tie
nt
s w
ho
 u
nd
er
go
 p
re
‐o
pe
ra
tiv
e 
PR
P 
co
ul
d 
ha
ve
 a
ls
o 
a 
be
tt
er
 
qu
al
ity
 o
f l
ife
, l
es
s p
os
t‐
op
er
at
iv
e 
co
m
pl
ic
at
io
ns
 a
nd
 a
 lo
ng
er
 
su
rv
iv
al
 a
ft
er
 s
ur
ge
ry
.
G
oo
d 
fo
r C
PE
T 
V
S 
6 
M
W
T 
co
m
pa
ris
on
Va
n 
Bo
kh
or
st
‐
de
 V
an
 d
er
 
Sc
hu
er
 e
t a
l. 
(2
00
0)
Fr
eq
ue
nc
y:
 7
–1
0 
da
ys
 p
re
‐o
pe
ra
tiv
el
y 
pl
us
 1
4 
da
ys
 p
os
t‐
op
In
te
ns
ity
: 1
50
%
 o
f b
as
al
 e
ne
rg
y 
ex
pe
nd
itu
re
Ti
m
in
g:
 d
ai
ly
Ty
pe
:
1.
  S
ta
nd
ar
d 
pr
e‐
 a
nd
 p
os
t‐
op
 e
nt
er
al
 
fe
ed
in
g
2.
		A
rg
in
in
e	
su
pp
le
m
en
te
d	
pr
e‐
op
	a
nd
	
po
st
‐o
p 
en
te
ra
l f
ee
di
ng
N
o 
pr
e‐
op
 a
nd
 s
ta
nd
ar
d 
po
st
‐o
p 
en
te
ra
l 
fe
ed
in
g
49
 m
al
no
ur
is
he
d 
he
ad
 a
nd
 
ne
ck
 c
an
ce
r p
at
ie
nt
s
M
ea
n 
ag
e 
56
.6
–6
1.
6
C
om
or
bi
di
ty
 fu
lly
 re
po
rt
ed
6 
m
on
th
s 
po
st
‐s
ur
ge
ry
37
%
Be
tw
ee
n 
ba
se
lin
e 
an
d 
th
e 
da
y 
be
fo
re
 s
ur
ge
ry
, b
ot
h 
pr
e‐
op
er
at
iv
el
y 
fe
d 
gr
ou
ps
 re
ve
al
ed
 a
 p
os
iti
ve
 c
ha
ng
e 
fo
r p
hy
si
ca
l a
nd
 e
m
ot
io
na
l 
fu
nc
tio
ni
ng
 a
nd
 d
ys
pn
oe
a 
w
ith
 si
gn
ifi
ca
nc
e 
in
 a
rg
in
in
e 
gr
ou
p.
 T
hi
s 
w
as
 n
ot
 s
us
ta
in
ed
 lo
ng
 te
rm
 a
t 6
 m
on
th
s.
• 
 Su
pp
le
m
en
te
d 
gr
ou
p 
sh
ow
ed
 a
 n
eg
at
iv
e 
ch
an
ge
 in
 a
pp
et
ite
 
(p
 =
 0
.0
49
). 
Be
tw
ee
n 
ba
se
lin
e 
an
d 
6 
m
on
th
s a
ft
er
 s
ur
ge
ry
,
• 
 Th
er
e 
w
er
e 
no
 d
iff
er
en
ce
s b
et
w
ee
n 
co
nt
ro
l a
nd
 b
ot
h 
pr
e‐
fe
d 
gr
ou
ps
.
Th
er
e 
w
er
e 
no
 d
iff
er
en
ce
s i
n 
fa
vo
ur
 o
f a
rg
in
in
e 
su
pp
le
m
en
t 
co
m
pa
re
d 
to
 o
th
er
 fe
ed
 g
ro
up
T
A
B
L
E
 2
 
(C
on
tin
ue
d)
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T
A
B
L
E
 3
 
O
bs
er
va
tio
na
l a
nd
 q
ua
si
‐e
xp
er
im
en
ta
l p
re
ha
bi
lit
at
io
n 
st
ud
ie
s 
w
ith
 c
rit
ic
al
 a
na
ly
si
s
R
ef
er
en
ce
 a
nd
 
re
se
ar
ch
 d
es
ig
n
In
te
rv
en
ti
on
 a
nd
 c
om
pa
ra
to
r
Po
pu
la
tio
n 
an
d 
sa
m
pl
e
Fo
llo
w
‐u
p 
af
te
r 
in
te
rv
en
tio
n
A
tt
rit
io
n
C
ri
ti
ca
l a
na
ly
si
s
Ba
im
a 
et
 a
l. 
(2
01
5)
Fe
as
ib
ili
ty
 s
tu
dy
 
w
ith
 tw
o 
ra
nd
om
is
ed
 (b
y 
ap
po
in
tm
en
t t
im
e)
, 
no
n‐
bl
in
de
d 
gr
ou
ps
Ti
m
in
g:
 1
 m
on
th
 p
rio
r t
o 
su
rg
er
y.
Ty
pe
: i
n‐
pe
rs
on
 te
ac
hi
ng
 o
f 
ex
er
ci
se
s 
pl
us
 in
fo
 s
he
et
, p
lu
s 
lin
k 
to
 o
nl
in
e 
vi
de
o 
pr
ov
id
ed
C
om
pa
ra
to
r
V
id
eo
‐o
nl
y 
te
ac
hi
ng
 a
rm
60
 c
an
ce
r p
at
ie
nt
s 
un
de
rg
oi
ng
 
su
rg
er
y 
fo
r b
re
as
t 
ca
nc
er
1 
m
al
e,
 5
9 
fe
m
al
es
A
ge
	3
5–
81
.
(I 
= 
36
‐C
24
)
Br
ea
st
 c
an
ce
r
3 
m
on
th
s 
af
te
r 
su
rg
er
y
2 
w
ee
ks
 to
 
6 
m
on
th
s
25
%
Ex
er
ci
se
 c
om
pl
ia
nc
e:
• 
76
%
 c
ho
se
 to
 e
xe
rc
is
e.
• 
 N
o 
di
ff
er
en
ce
 in
 e
xe
rc
is
e 
co
m
pl
ia
nc
e 
be
tw
ee
n 
in
‐p
er
so
n 
te
ac
hi
ng
 v
er
su
s 
vi
de
o 
te
ac
hi
ng
 (O
R 
= 
1.
03
).
In
 p
er
so
n 
75
%
 (2
4/
32
) c
om
pa
re
d 
to
 v
id
eo
 te
ac
hi
ng
 7
7%
 (1
0/
13
) 
Pa
in
• 
29
%
 o
f p
at
ie
nt
s 
(9
/3
1)
 h
ad
 w
or
se
 s
ho
ul
de
r p
ai
n 
th
an
 b
as
el
in
e 
at
 1
 m
on
th
 
po
st
‐s
ur
ge
ry
 (2
4%
, 6
/2
5 
ex
er
ci
se
rs
, a
nd
 5
0%
, 3
/6
 n
on
‐e
xe
rc
is
er
s)
.
• 
 15
%
 p
er
 c
en
t o
f p
at
ie
nt
s (
4/
27
) h
ad
 w
or
se
 s
ho
ul
de
r p
ai
n 
th
an
 b
as
el
in
e 
at
 
3	
m
on
th
s’
	p
os
t‐
su
rg
er
y	
(8
%
,	2
/2
3	
ex
er
ci
se
rs
,	a
nd
	1
0
0%
,	2
/2
	n
on
‐e
xe
rc
is
er
s)
.
Sh
ou
ld
er
 a
bd
uc
tio
n
• 
 66
%
 o
f p
at
ie
nt
s 
(2
0/
30
) l
os
t g
re
at
er
 th
an
 1
0%
 s
ho
ul
de
r a
bd
uc
tio
n 
RO
M
 a
t 
1 
m
on
th
 p
os
t‐
su
rg
er
y.
Pr
eh
ab
ili
ta
tio
n 
ex
er
ci
se
 p
ro
gr
am
m
e 
in
fe
rr
ed
 n
o 
ad
di
tio
na
l r
is
k 
of
 s
er
om
a 
fo
rm
at
io
n 
(E
xe
rc
is
er
s 
21
%
, 7
/3
3 
vs
. n
on
‐e
xe
rc
is
er
s 
22
%
, 2
/9
, O
R 
= 
0.
94
).
N
o 
st
ro
ng
 e
vi
de
nc
e 
of
 d
iff
er
en
ce
Si
ng
le
 s
ite
; c
ha
ng
e 
in
 in
te
rv
en
tio
n 
ba
se
d 
on
 p
at
ie
nt
 p
re
fe
re
nc
e,
 s
o 
no
t r
an
do
m
; 
N
o 
co
nt
ro
l g
ro
up
: e
ve
ry
 p
ar
tic
ip
an
t r
ec
ei
ve
d 
so
m
e 
so
rt
 o
f i
nt
er
ve
nt
io
n;
 S
ta
te
d 
fe
as
ib
ili
ty
 s
tu
dy
, b
ut
 u
nc
le
ar
 re
: e
ff
ic
ac
y 
of
 th
es
e 
ho
m
e 
ex
er
ci
se
s;
 N
o 
 
ex
pl
an
at
io
n 
gi
ve
n 
fo
r w
hy
 s
tu
dy
 s
ta
ff
 d
id
 n
ot
 p
ur
su
e 
m
is
si
ng
 d
at
a;
 P
os
si
bl
e 
so
ci
al
 d
es
ira
bi
lit
y 
bi
as
 w
ith
 “i
n‐
pe
rs
on
” a
rm
 a
nd
 th
us
 im
pr
ov
ed
 c
om
pl
ia
nc
e;
 
C
om
pl
ia
nc
e 
w
ith
 e
xe
rc
is
es
 s
el
f‐
re
po
rt
ed
, p
os
si
bl
y 
pa
rt
ic
ip
an
ts
 o
ve
re
st
im
at
ed
; 
U
nc
le
ar
 d
es
cr
ip
tio
n 
re
ga
rd
in
g 
se
ro
m
a 
fo
rm
at
io
n/
ev
al
ua
tio
n;
Ti
m
e 
to
 fo
llo
w
‐u
p 
va
ria
bi
lit
y 
(2
 w
ee
ks
 –
 6
 m
on
th
s)
; L
um
pe
ct
om
y 
an
d 
m
as
te
ct
om
y 
in
cl
ud
ed
, 
po
ss
ib
ly
 a
llo
w
in
g 
fo
r v
er
y 
di
ff
er
en
t o
ut
co
m
es
Jo
ne
s	
et
	a
l.	
(2
0
07
)
Si
ng
le
 g
ro
up
 d
es
ig
n 
fe
as
ib
ili
ty
 s
tu
dy
Fr
eq
ue
nc
y:
 fi
ve
 e
nd
ur
an
ce
 
se
ss
io
ns
 p
er
 w
ee
k 
on
 c
on
se
cu
‐
tiv
e 
da
ys
 u
nt
il 
su
rg
ic
al
 
re
se
ct
io
n.
In
te
ns
ity
: h
ig
hl
y 
in
di
vi
du
al
is
ed
 
an
d 
pr
og
re
ss
iv
e 
fr
om
 6
0%
–
10
0%
 V
O
2 
, P
ea
k 
an
d 
H
IIT
 
se
ss
io
ns
.
Ti
m
in
g:
 c
ar
rie
d 
ou
t f
or
 
4–
6 
w
ee
ks
.
Ty
pe
: c
yc
le
 e
rg
om
et
ry
C
om
pa
ra
to
r: 
In
di
vi
du
al
ly
 ta
ilo
re
d 
in
te
rv
en
tio
n 
an
d 
ho
sp
ita
l b
as
ed
 
ov
er
 4
–6
 w
ee
ks
25
 p
at
ie
nt
s 
70
%
 F
 
un
de
rg
oi
ng
 
su
rg
er
y 
fo
r 
su
sp
ec
te
d 
lu
ng
 
ca
nc
er
. M
ea
n 
ag
e 
65
 ±
 1
0 
ye
ar
s
Lu
ng
 c
an
ce
r
Pr
e‐
op
er
at
iv
e 
as
se
ss
m
en
t
30
 d
ay
s 
po
st
‐s
ur
ge
ry
A
tt
ri
ti
on
	
52
%
A
dh
er
en
ce
	
70
%
Fo
r	
pa
ti
en
ts
	w
ho
	a
ch
ie
ve
d	
≥8
0%
	a
dh
er
en
ce
	(n
 =
 1
2)
, V
O
2 p
ea
k 
in
cr
ea
se
d 
3.
3 
m
l k
g−
1  m
in
−1
 (p
 =
 0
.0
06
).
Si
x‐
m
in
ut
e	
w
al
k	
te
st
:	S
ig
ni
fi
ca
nt
	im
pr
ov
em
en
t	
in
	>
8
0%
	a
dh
er
en
ce
	g
ro
up
	
(p
	=
	0
.1
4)
	c
om
pa
re
d	
to
	<
8
0%
	a
dh
er
en
ce
	(p
 =
 1
.0
1)
.
Th
e 
ov
er
al
l a
dh
er
en
ce
 ra
te
 w
as
 7
2%
 (r
an
ge
, 0
%
–1
00
%
) w
ith
 p
at
ie
nt
s 
co
m
pl
et
in
g 
a 
m
ea
n 
of
 3
0–
27
 s
es
si
on
s 
(ra
ng
e,
 0
–7
5)
.
N
o 
si
gn
ifi
ca
nt
 d
iff
er
en
ce
. (
p 
> 
0.
1)
 fo
r a
ll 
m
ea
su
re
s 
of
 p
ul
m
on
ar
y 
fu
nc
tio
n.
T
he
	a
ve
ra
ge
	d
ur
at
io
n	
of
	h
os
pi
ta
l	s
ta
y	
w
as
	1
0–
8	
da
ys
	w
it
h	
8–
5	
da
ys
	in
	g
en
er
al
	
ho
sp
ita
l a
nd
 2
–5
 d
ay
s 
in
 th
e 
in
te
ns
iv
e 
ca
re
 u
ni
t.
N
o 
di
ff
er
en
ce
 in
 c
om
pl
ic
at
io
ns
 o
r l
en
gt
h 
of
 s
ta
y 
th
an
 in
 ro
ut
in
e 
pa
tie
nt
 c
ar
e.
Th
e 
le
ng
th
 o
f i
nt
er
ve
nt
io
n 
m
ay
 b
e 
pr
ob
le
m
at
ic
 in
 a
 1
 to
 2
 w
ee
k 
w
ai
t t
im
e 
fo
r 
su
rg
er
y,
 th
e 
au
th
or
s 
co
m
m
en
t o
n 
th
e 
ab
ili
ty
 to
 m
ak
e 
si
gn
ifi
ca
nt
 c
ha
ng
e 
in
 s
uc
h 
a 
sh
or
t t
im
e.
 T
he
re
 is
 n
o 
re
co
rd
in
g 
of
 h
ow
 m
an
y 
pa
tie
nt
s 
di
d 
no
t m
ee
t t
he
 
el
ig
ib
ili
ty
 p
ar
am
et
er
s 
to
 re
fle
ct
 th
e 
no
rm
al
 p
ra
ct
ic
e
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R
ef
er
en
ce
 a
nd
 
re
se
ar
ch
 d
es
ig
n
In
te
rv
en
ti
on
 a
nd
 c
om
pa
ra
to
r
Po
pu
la
tio
n 
an
d 
sa
m
pl
e
Fo
llo
w
‐u
p 
af
te
r 
in
te
rv
en
tio
n
A
tt
rit
io
n
C
ri
ti
ca
l a
na
ly
si
s
Li
 e
t a
l. 
(2
01
3)
 
Pr
e–
po
st
‐in
te
rv
en
‐
tio
n 
st
ud
y
H
is
to
ric
al
 c
on
tr
ol
 
gr
ou
p
si
ng
le
‐c
en
tr
e,
 
co
ho
rt
Fr
eq
ue
nc
y:
 In
di
vi
du
al
is
ed
 
ae
ro
bi
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day) (Sekine et al., 2005) in combination with therapeutic pulmonary 
exercises in patients with lung cancer prior to surgery. The short 
timelines prior to therapy made a progressive programme difficult to 
achieve.	Although	adherence	to	the	home	exercise	programme	was	
reported in most of these studies, adherence to exercise at the pre‐
scribed intensity and progression of the exercise programme were 
poorly reported.
Only five of the studies provided a nutritional modality as part of 
the prehabilitation package. Some of the interventions were purely 
nutrition based (Gillis et al., 2016; Moriya, 2015; Van Bokhorst‐de 
Van der Schuer et al., 2000); however, two of the studies used nu‐
trition as part of multi‐component prehabilitation intervention (Gillis 
et al., 2016; Li et al., 2013). The nutritional interventions were var‐
ied with 5–10 days pre‐operative feeding plus a supplemental argi‐
nine formula (Van Bokhorst‐de Van der Schuer et al., 2000) or whey 
protein (Gillis et al., 2014; Li et al., 2013) or a low or high dose im‐
mune‐enhancing diet (Moriya, 2015). Multi‐modal prehabilitation 
interventions provided 90 min of nutritional counselling with daily 
whey protein supplementation (Gillis et al., 2016) in comparison with 
a control group which received nutritional counselling without sup‐
plementation. The timing of nutritional interventions varied between 
5–10 days (Gillis et al., 2016; Moriya, 2015) and 3–6 weeks pre‐oper‐
atively (Gillis et al., 2014; Li et al., 2013). The nutritional intervention 
did not continue beyond surgery, with one exception (Gillis et al., 
2016) which continued the nutritional intervention 4 weeks’ post‐
surgery. Nutritional therapies were primarily targeted on individuals 
with cancer who were malnourished, receiving treatment for head 
and neck (Van Bokhorst‐de Van der Schuer et al., 2000) or colorectal 
cancer (Gillis et al., ; Li et al., 2013; Moriya, 2015). Van Bokhorst‐
de Van der Schuer et al. (2000) excluded adults from the study if 
they were well nourished (10% excluded), whereas Gillis et al. (2016) 
screened for malnutrition using the Patient Generated–Subjective 
Global	Assessment	(PG‐SGA)	which	is	a	validated	tool	for	nutritional	
assessment	in	oncology.	Adherence	to	nutritional	intervention	is	re‐
ported in only one study with researchers contacting participants 
on a weekly basis to encourage them to record their whey protein 
ingestion. This study noted that adherence was higher in the preha‐
bilitation group compared to the rehabilitation group both pre‐ and 
post‐surgery.
Studies involving a psychoeducation modality as part of preha‐
bilitation programmes have focused primarily on anxiety and stress 
reduction(Cheville et al., 2015; Garssen et al., 2013; Parker et al., 
2009; Schmidt et al., 2015), patient education and lifestyle advice 
(Baima	et	al.,	2015;	Barlési	et	al.,	2008)	 (Jensen	et	al.,	2015)	and/
or counselling (Parker et al., 2009) as part of the intervention; how‐
ever, few studies report any detail of the therapeutic components of 
the intervention. Psychoeducational prehabilitation strategies have 
been studied as single mode counselling interventions (Barlési et al., 
2008;	Cheville	et	al.,	2015)	or	by	comparing	a	variety	of	psychological	
and educational approaches prior to cancer treatment (Parker et al., 
2009). Psychoeducational strategies have also been studied as part 
of multi‐component prehabilitation programmes (Gillis et al., 2014; 
Jensen	et	al.,	).	Psychoeducational	interventions	prior	to	surgery	for	
lung and gastrointestinal cancer provided written and verbal infor‐
mation to participants which described the disease and associated 
surgery	outcomes	(Barlési	et	al.,	2008;	Schmidt	et	al.,	2015).	An	al‐
ternative psychotherapeutic approach involved weekly group ses‐
sions with a psychiatrist, focused on individuals’ social, cognitive and 
emotional care in conjunction with relaxation exercises 30 days prior 
to chemotherapy(Cheville et al., 2015). Similarly, Garsen (Garssen 
et al., 2013) provided 4 sessions over 5 days to women with breast 
cancer, including stress management, relaxation, guided imagery 
techniques and counselling. Parker et al. (2009) investigated the ef‐
fects of a similar programme on post‐operative recovery outcomes 
in men with prostate cancer. These interventions were all compared 
to	usual	or	supportive	care.	Adherence	to	the	intervention	was	not	
always reported in the observational studies with attrition 25%–52% 
respectively	(Baima	et	al.,	2015)	(Jones	et	al.,	2007).
3.1 | Objective clinical outcomes following 
prehabilitation
Studies that included an exercise modality investigated the ef‐
fects of prehabilitation regimens on cancer treatment recovery 
outcomes and cardiopulmonary fitness (Table 4). Three studies 
reported favourable effects of home‐based pelvic floor training 
on post‐operative urinary continence outcomes in prostate cancer 
patients undergoing radical prostatectomy up to 12 months of fol‐
low‐up (Burgio et al., 2006; Centemero et al., 2010; Sueppel et al., 
2001), and a fourth study (Bales et al., 2000) showed no urinary 
continence benefits of including biofeedback training. Similarly, a 
study of female breast cancer patients reported no additional post‐
operative benefits when home‐based shoulder exercise prehabili‐
tation included an in‐person teaching session versus video‐based 
instruction (Baima et al., 2015). Supervised exercise prehabilita‐
tion programmes in lung cancer patients have generally been more 
intensive than home‐based programmes and have resulted in im‐
provements in pre‐operative cardiopulmonary fitness measures, 
including	 six‐minute	walk	 test	 (6	MWT)	 (Jones	 et	 al.,	 2007)	 and	
peak VO2	(Jones	et	al.,	2007;	Stefanelli	et	al.,	2013).	However,	the	
improvements in peak VO2 were modest (2–3 ml kg
−1 min−1) and 
it is unclear whether improvements of this magnitude translate 
to improved post‐operative recovery outcomes or longer‐term 
outcomes, such as quality of life. It is of interest to note that in‐
tensive cycle ergometry prehabilitation had no impact on qual‐
ity of life pre‐surgery or at 2 months post‐surgery (Peddle et al., 
2009). Nevertheless, Sekine et al. (2005) reported a reduction 
in post‐operative pulmonary complications and hospital length 
of stay in lung cancer patients after a prehabilitation programme 
that involved daily pulmonary therapeutic exercises and walk‐
ing (5,000 steps/day) in the two weeks prior to lobectomy when 
compared to historical controls. In other studies, prehabilitation 
programmes	 involving	exercise	have	yielded	equivocal	 results.	A	
supervised programme involving cycling + strengthening exer‐
cises in patients with gastrointestinal cancer compared to those 
in a walking + breathing exercise group showed no differences in 
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6 MWT distance (Carli et al., 2010). Similarly, home‐based exercise 
programmes involving aerobic and/or resistance exercise 4 weeks 
prior to surgery have had minimal impact on post‐operative hos‐
pital length of stay or severity of complication (Gillis et al., 2014; 
Jensen	et	al.,	 ),	 although	 Jensen	et	al.	 (2015)	 reported	 improved	
post‐operative 6 MWT distance in bladder cancer patients receiv‐
ing	prehabilitation,	4,806	m	(95%CI	4,075–5,536	m)	compared	to	
2,906	m	 (95%CI	 2,408–3,404	m)	 in	 those	 receiving	 usual	 care.	
Gillis (Gillis et al., 2014) reported higher submaximal cardiopulmo‐
nary fitness +23.4 m (6 MWT) in a prehabilitation/rehabilitation 
group	compared	to	rehabilitation	alone	−21.8	m	(80.7)	at	8	weeks	
after colorectal cancer surgery.
Studies that included nutritional outcomes were few and re‐
ported no significant differences between the intervention and 
control	 groups	 at	 ≥30	days	 (Moriya,	 2015)	 on	 post‐treatment	
physical functioning (Table 4). However, pre‐operative nutritional 
modality groups showed a significant improvement in physical 
functioning and initial symptoms post‐operatively (Gillis et al., 
2014; Li et al., 2013; Van Bokhorst‐de Van der Schuer et al., 2000). 
Only one study measured upper‐body strength (Gillis et al., 2016), 
and this improved pre‐surgery but was not sustained post‐surgery. 
Participants who received arginine supplementation with feeding 
pre‐ and post‐surgery showed reduced appetite at 6 months (Van 
Bokhorst‐de Van der Schuer et al., 2000), and serum albumin re‐
mained stable in a small (n = 17) pre–post‐intervention study (Li et 
al., 2013). However, prehabilitation studies’ nutritional outcomes 
are compromised by the lack of consistency in measuring nutritional 
intake and adherence (mainly through self‐report tools) or objec‐
tive sarcopenia measures. Such limitations could have important 
implications for assessing treatment fidelity and the sensitivity of 
outcome measures.
3.2 | Patient‐reported outcomes (PRO) of 
prehabilitation
PRO in the studies reviewed included health‐related quality of life 
using the Short Form Health Survey (SF36) and Prostate Cancer 
Index (PCI), which incorporate physical and emotional subscales. 
Symptom specific measures such as the International Continence 
Scale	for	men	(ICS	male),	the	Hospital	Anxiety	and	Depression	Scale	
(HADs)	and	(PCI)	and	Activities	of	Daily	Living	(ADL)	tool	were	also	
reported in some studies (Table 4). Quality of life scores were com‐
parable between prehabilitation and control groups at 3 months 
post‐intervention	in	most	studies	(Barlési	et	al.,	2008;	Burgio	et	al.,	
2006; Garssen et al., 2013; Peddle et al., 2009). However, in two 
studies, self‐reported physical function was higher in the prehabili‐
tation group at 1 year (Li et al., 2013; Parker et al., 2009), and in 
the study by Li et al. (2013), an increase in self‐reported physical 
activity	 persisted	 8	weeks	 after	 surgery.	 Post‐treatment	 improve‐
ments in mood, anxiety and depression have been reported imme‐
diately post‐operatively following prehabilitation involving walking 
+ breathing exercises and psychological support (Carli et al., 2010; 
Parker et al., 2009; Schmidt et al., 2015) but effects were small and 
between‐group differences were not sustained long‐term (Parker 
et al., 2009; Schmidt et al., 2015). Behavioural change techniques, 
such as smoking cessation, were rarely reported in studies; this can 
impact on radiotherapy side effects and subsequent post‐treatment 
cancer outcomes (Warren, Sobus, & Gritz, 2014).
F I G U R E  2   Summary of multi‐modality prehabilitation outcomes and measurement
PREHABILITATION INTERVENTION
Exercisemodality
• Cardio-pulmonary exercise
• Walking
• Flexibility exercise
• Balance
• Strengthexercises
• Targetedexercise e.g. Breathing exercises, pelvic floor
exercises
Nutrition modality
• Supplementaon
• Personalisednutrional counselling e.g.weight loss
• Increase protein intake
• Alcohol reducon advice
Psychosocial and education modality
• Anxiety reducon
• Cognive behavioural therapy (CBT)
• Enhancing self-efficacy (ACT)
• Smoking cessaon
• Paent acvaon and behavioural change coaching
PHYSICAL FUNCTIONMEASURES
Objecvemobility
• CPET V02 Peak
• Gait: 6 MinuteWalk Test
• Chair rise: Sit to stand
• Grip strength
• Timed up and go
PATIENT REPORTEDOUTCOMES
• QOL
• Hospital Anxiety and Depression
HADs
• SF36 physical funcon
• Acvies ofDaily Living)
NUTRITIONALMEASURES
• BMI
• Hip to waist rao
• Serum Albumin
• Sarcopeniameasures
• Self report diet diary
PATIENT BENEFIT
• Reduced disability
• Independence
• Reduced
complicaons and
adverse events
• Reduced lengthof
hospitalisaon
• Reduced number of
falls
• Return to work
• Enhanced acvies
of daily living
Risk factors for
POORER CANCER
TREATMENT
OUTCOME
• Obesity
• Presence of
comorbidity
• Older age
• Funconal
impairment
• Mulple symptoms
PROCESS measures of Prehabilitation
Parcipaon from populaon and adherence
Frequency, intensity, ming and typeof prehabilitaon intervenon
Safety consideraons (e.g. restricons, adverse events)
Examplesof dimensionmeasures
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3.3 | Patient‐reported and service outcomes for 
prehabilitation
Complication rates and length of hospital stay (LOS) post‐sur‐
gery were the most frequent service delivery measures reported 
for	≥30	days	post‐treatment	 (Table	4).	 There	was	no	difference	 in	
length of stay, between prehabilitation and control groups in five 
studies	(Gillis	et	al.,	;	Jensen	et	al.,	2014;	Li	et	al.,	2013;	Schmidt	et	
al., 2015), with the exception of Sekines (Sekine et al., 2005), where 
the intervention group had a reduced length of stay after a 4‐ to 
6‐week prehabilitation programme. Post‐operative complications 
such as wound healing, seroma formation and bleeding were shown 
to be comparable between intervention and control groups but 
Moriya (Moriya, 2015) found that those receiving a prehabilitation 
nutritional intervention had fewer post‐operative site infections. 
Prehabilitation has been shown to improve initial post‐operative 
mobilisation	(Jensen	et	al.,	2015)	and	the	number	of	patients	com‐
pleting chemotherapy (Cheville et al., 2015). Furthermore, in the lat‐
ter study, those receiving the intervention had significantly fewer 
treatment hospitalisations.
4  | DISCUSSION
Overall, this systematic review suggests prehabilitation impacts on 
select 30‐day outcome measures for some people with cancer but 
few studies have measured or reported overall long‐term health 
benefits. The results of the review are summarised pictorially as a 
diagram describing the multi‐modality intervention and linked physi‐
cal function, nutrition and patient‐reported outcomes used in the 
reviewed studies (Figure 2). Many of these studies report service 
or process data measures such as length of stay and post‐operative 
complications, but do not consistently capture changes in physical 
functioning or patient‐reported outcomes. The only exception is 
pre‐operative therapeutic pelvic floor exercises for men undergoing 
prostatectomy for prostate cancer where prehabilitation improved 
long‐term urinary continence. This reflects the differentiation be‐
tween general prehabilitation versus targeted exercise or nutrition 
interventions and the greater specificity of their effect. There is in‐
sufficient evidence for demonstration of long‐term benefits in other 
cancer patient populations beyond the initial 30 days post‐treat‐
ment complications. Even vigorous intensity pre‐operative aerobic 
exercise conditioning programmes have only resulted in modest 
improvements in peak oxygen uptake pre‐operatively (of the order 
of 2–3 ml kg−1 min−1), possibly a factor of the short duration of pro‐
grammes, and these gains are lost post‐operatively. Not surprisingly 
then, prehabilitation combined with rehabilitation was the most ef‐
fective approach in improving outcomes longer than 30 days.
It is now recognised that a physically active lifestyle is in‐
versely related to the risk of certain cancers and mortality (Brown, 
Winters‐Stone, Lee, & Schmitz, 2012; Schmid & Leitzmann, 
2014). Surprisingly few prehabilitation studies measured or re‐
ported participant comorbidities and how they changed over 
time. Therefore, we were unable to address our second question, 
how prehabilitation can optimise the management of cancer pa‐
tients with comorbidity? Comorbidities in participants in preha‐
bilitation studies were considered exclusion criteria rather than 
as predictors of physical functioning that could be mediated by 
exercise or nutrition and that could change as a response to inter‐
vention (Brown et al., 2012). Those participants with high levels 
of comorbidities and poor fitness were often not eligible to be 
included, which suggests those people most in need to improve 
physical function were less likely to receive prehabilitation. The 
multi‐modality approach of prehabilitation could optimise the 
management of cancer patients with low baseline scores and who 
have been shown to gain greater benefits (Minnella et al., 2016). 
Rather than trying to demonstrate the efficacy of multi‐modality 
prehabilitation on the fittest patients, we should consider using 
the approach to optimise the management of the more complex 
and least fit cancer patients who have most to gain. This requires 
more sophisticated tailoring of intervention to personalise and 
target prehabilitation. For example, current exercise guidelines 
for cancer survivors recommend muscle strengthening exercises 
for overall conditioning (Schmitz et al., 2010) but this may not be 
sufficient	 to	 manage	 specific	 deficits.	 A	 more	 task‐specific	 ap‐
proach incorporating functional movements using strength and 
mobility may be optimal for prehabilitation regimens (Winters‐
Stone et al., 2015).
In some studies, the high attrition of participants suggests a bal‐
ance is required between intensity and duration of exercise to be able 
to meet the needs of those with greater limitations. This highlights 
the need for continuity and support in establishing exercise habits 
and expectations around exercise for people with cancer (Brown et 
al., 2012; Mayo et al., 2011). The content of exercise programmes 
is poorly described in some papers and has not followed the FITT 
principle of reporting Frequency, Intensity, Timing and Type of ex‐
ercise and/or how the exercise programme is personalised or pro‐
gressed over time (Thompson, Gordon, & Pescatello, 2010). These 
oversights make it challenging to understand whether or not the ex‐
ercise programme was insufficiently designed and/or how to revise 
programmes to optimise adherence and outcomes in the future.
The inclusion of nutritional support as part of prehabilitation 
improved short‐term physical function. The pre‐surgical interven‐
tions were necessarily short (2–3 weeks) primarily due to treatment 
target times. Indications from one study suggest that longer‐term 
patient outcomes could benefit with additional post‐surgical reha‐
bilitation. Given the rising proportion of cancer patients who are 
obese at diagnosis, the prehabilitive window and rehabilitative 
window are potentially an opportunity to embed new lifestyle 
behaviours. Malnutrition is associated with a poorer response to 
cancer treatment, and hypoalbuminaemia is associated with post‐
surgical mortality, increased morbidity and length of stay (Hu et 
al., 2015). Patients with colorectal cancer are more malnourished 
than	other	patients	groups	(28%	colorectal	compared	to	4%	pros‐
tate cancer) (Hu et al., 2015) hence the wide number of prehabil‐
itation studies in this population. In the nutrition components of 
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prehabilitation programmes, surrogate measures were used for the 
combined interventions rather than specific targets such as serum 
values or anthropometric measures. If we are tackling obesity in 
cancer and its risks, then a greater focus on adiposity, fat distri‐
bution and sarcopenia should be included in prehabilitation stud‐
ies. With emerging therapies and earlier diagnosis techniques, for 
example of low dose computerised imaging in lung cancer (Smith, 
Khanna, & Wisotzky, 2017), the opportunity for prehabilitation be‐
comes more feasible as patients are less likely to be burdened by 
advanced disease or chronic illness.
Understanding how prehabilitation components work together 
is a challenge as few studies used a theoretical or conceptual frame‐
works to guide design. Exploring how the multi‐modality components 
work, such as exercise, nutrition, psychoeducational components, is 
essential to maximise outcomes (Figure 2). The use of factorial re‐
search designs in future studies is recommended in evaluating pre‐
habilitation components (Montgomery, Peters, & Little, 2003). While 
pre‐operative exercise programmes have incorporated both aerobic 
and resistance training, most emphasis has been on aerobic exercise. 
The effect of resistance exercise on pre‐operative muscular function 
and how this impacts upon post‐operative recovery outcomes has 
received less attention (Singh et al., 2013). The relationship between 
psychological health and exercise behaviour has been well estab‐
lished. Short‐ and long‐term adherence may be optimised if anxiety 
and depression are also addressed during an exercise programme; 
however, the focus on anxiety and depression management at the 
expense of evidence‐based behaviour change strategies may not be 
the	best	strategy	for	long‐term	adherence	(Stacey,	James,	Chapman,	
Courneya, & Lubans, 2015).
A	limitation	of	this	review	is	that	conclusions	have	to	be	con‐
sidered in the context of a limited number of studies, the majority 
of which are underpowered feasibility studies. The importance of 
feasibility studies is recognised in the Medical Research Council 
(MRC) complex intervention framework and that they should now 
be used to inform fully powered RCTs. The review highlighted the 
need for improved quality of studies, for example following con‐
sort or strobe reporting guidance, and this has also been described 
in previous prehabilitation systematic reviews (Singh et al., 2013). 
It is imperative that future studies take a more ambitious approach 
to test efficacy by building on the current evidence base using a 
conceptual framework to guide intervention design and robust 
evaluation.
Can prehabilitation programmes impact on longer‐term cancer 
health outcomes? The answer is currently unclear especially in rela‐
tion to changing comorbidity. Prehabilitation is now an integral part 
of many cancer surgical preparatory pathways as part of early recov‐
ery but there is scope for greater targeting to include nutrition and 
psychoeducational components, as well as considering how prehabil‐
itative interventions may buffer symptoms such as fatigue and pain 
during adjuvant therapies. Sophisticated research designs incorpo‐
rating economic evaluation and longer‐term measures are essential to 
guide service development and support implementation if the concept 
of cancer prehabilitation is to emulate cardiac rehabilitation services.
In conclusion, prehabilitation strategies may have an important 
role to play in addressing the rising complexity of health needs of 
those diagnosed with cancer. Forty per cent of all those diagnosed 
with cancer have one comorbid condition and 15% at least two con‐
current health problems (Sarfati et al., 2016). This systematic review 
highlights that single‐ and multi‐modal prehabilitation programmes 
are feasible and some approaches confer short‐term benefits in the 
post‐surgical recovery period. The next stage is to design robust 
efficacy studies to test carefully defined prehabilitative/prehabilita‐
tive–rehabilitative interventions at the time of first cancer treatment 
(be that surgery, systemic anti‐cancer therapy or radiotherapy) and 
measure clinical outcome, PRO, patient benefit and service delivery 
outcomes throughout the care pathway.
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